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ABSTBACT 

The  Marion  Lake  area  is  in  the  eastern  plateau  region  of  the 
Canadian  Shield.   Schefferville,  center  of  the  Qiiehec-Lahrador  iron 
range,  is  about  35  ailez   west  of  Marion  Lake. 

The  eastern  one-third  of  the  area  is  underlain  hy  amphiholites 
and  quartz o-feldspathic  gneisses.  The  western  two-thirds  is  underlain 
by  metabasalt,  metagahbro,  serpentinite,  and  slightly  metamorphosed 
sedimentary  rocks  of  the  I*brador  Trough,  a  narrow  belt  of  Proterozoic 
rocks  which  extends  approximately  450  miles  northwest  and  125  miles 
southeast  of  the  Marion  Lake  area. 

The  gneisses  and  amphibolites  form  an  eastern  block  which 
truncates  northwest-trending  folds  and  faults  in  the  western  block  of 
Trough  strata.  The  north-trending  contact  is  a  reverse  fault,  along 
which  the  gneissic  block  moved  up  relative  to  the  western  block.  The 
gneisses  and  amphibolites  are  either  part  of  the  Archean  basement  or 
metamorphosed  Trotigh  rooks. 

Sedimentary  strata  of  the  Knob  Lake  group,  with  a  possible 
total  thickness  of  more  than  20,000  feet,  have  been  mapped  in  the 
southwestern  corner  of  the  area.  A  northwest-trending  fault  separates 
these  rocks  from  the  volcanic  belt  in  the  central  part  of  the  area. 
Oreenscliists  of  the  Murdock  group  crop  out  immediately  east  of  the 
fault.  The  overlying  Doublet  group  includes  35OO  feet  of  sedimentary 
rocks,  and  more  than  10,000  feet  of  meta volcanic  rocks. 

Bemarkably  conformable  basic  sills  underlie  much  of  the  area. 
The  volcanic  and  intrusive  rocks  were  probably  derived  from  the  same 
magma.  The  sills,  which  are  as  much  as  50OO  feet  thick,  were  intruded 
prior  to,  and  during  the  early  stages  of,  folding. 


11 


Most  sedimentary  rocks  in  the  area  show  evidence  of  deposition 
on  a  stable  shelf  which  was,  at  most  times,  covered  by  shallow  water. 
Graded  bedding,  probably  formed  as  a  result  of  the  anmaal  clinatic  cycle, 
is  exhibited  by  many  of  the  fine-grained  sedimentary  rocks.  Cross- 
bedding  attitudes  in  sandstones  beds  west  of  Marlon  Lake  indicate  sedi- 
ment transport  from  the  west. 

The  Denault  formation  of  the  Knob  Leke  group,  which  was  studied 
in  detail,  is  composed  of  apxroximately  30  percent  finely  laminated 
siliceous  dolomite,  20  percent  massive  dolomite,  5  percent  intraforma- 
tional  conglomerate,  and  k$   percent  etromatolitic  dolomite.  Five  zones 
of  distinctive  stromatolites  were  correlated  in  sections  more  than  two 
miles  apart.  Algal  activity  was  important  in  trapping  sediment,  and  may 
have  played  a  dominant  role  in  primary  precipitation  of  dolomite. 
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IIlXHODvJCTIOH 
Beglonal  Sett}.n£ 

5fhl8  dissertation  descri'beB  aa  area  of  gome  360  «quaro  niles 
at  the  eastern  margin  of  the  Labrador  Trough,  a  "belt  of  extenplvely 
folded  and  faultoA  mataa'^di.'nentary,  metaTolcanic,  and  basic  intrusive 
rocks  of  Proterozolc  age.  The  belt  e%t<9ud8  southeast  from  the  west 
side  of  Ungava  Bay  for  a  distance  of  more  than  50O  miles  (Fig.  1). 

In  general,  sedlnontary  rooks  vmderlie  the  western  portion 
of  the  Labrador  Trough,  and  volcanic  rocVa  \iad<=»i*lie  the  eastern  portion. 
The  western  boundary  of  tho  Trough  la  a  aajor  unconformity  (HarriBon, 
1952,  n,  3);  the  eastern  boiandary  is  a  zone  of  extensive  faulting 
(Fahri;;,  1957,  p.  II6),  The  degree  of  metamori-hisin  incrfiasos  from  west 
to  east  in  the  northern  part  of  the  Trough  (Sauve,  1957t  P«  153) t  and 
In  the  southern  part  of  the  Trough,  Duffell  (1959)  has  mapped  high-grade 
jsetafflorphic  equivalents  of  the  major  rock  types  which  occur  farther  north. 

Location  ajod  Accees 

The  Marion  Lake  map-area,  bounded  by  latitudes  55  00'  and 
54  ^5'  K  and  longitudes  66°00'  and  65  30'  W,  comprises  two  adjacent  I5 
minute  quadrangles.  The  area  is  about  35  miles  east  of  Schef ferville, 
center  of  iron  mining  activity  in  Quebec  and  Labrador.  Quebecair  has 
scheduled  flights  to  Schef ferville,  and  the  Quebec  North  Shore  and 
Labrador  Railway  provides  j^assenger  service  via  the  36O  mile  railroad 
between  Seven  Islands  and  Schef  ferville.  Diiring  the  field  aeAson,  sea- 
planes may  be  chartered  at  Squaw  Lake,  two  miles  north  of  Schefferville. 
There  are  no  good  water  routes  to  Marion  Lake,  but  canoes  greatly 
facilitate  work  within  the  area. 
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Ind"??:  nap,   shcwiiv;  locatioji  of  Le.brK.d^r  T7rou,?h  (stippled), 
cvnd  the  MsrloTi  Lake  arr*  (bXack  rectan^-ajj^r  are&). 


previous  Work 

A.  r.  Low  (1895)  conducted  the  first  geological  investigations 
lu  the  Z^^brador  Trough.  On  oue  of  hie  rccouuaics&uoc  trt^vorees,  ha 
reached  thw  he&dvatere  of  the  Aahuauipi  Biver  systeia,  20  miles  west  of 
Marion  Jiake,  Since  the  discovery  of  iron  ore  by  Gill  &t  Huth  Lake  in 
19i'9»  iffiich  tezploration  and  developnrnt  work  has  tovu.   carried  out  within 
the  Labrador  Trough,  Effort  was  et  firct  directed  towards  develcpaent 
of  the  iron  ore  deposits  near  Scheff erville ,  but  sulphide  aiid  asbeetoa 
prospects  alotig  the  east  side  of  the  Trough  have  recently  attracted 
attention.  The  Labrador  Mining  ;ind  Exploration  Company  Limited  has 
aapped  parts  of  the  Marion  Lake  area,  but  results  of  their  work  have  not 
been  published.  The  V/illbob  Lake  arua  (Frarey,  1952)'^*  to  the  northwest 
»nd  the  Griffie  Lake  area  (Fahrig,  1951) *•  to  the  north  have  been  mapped 
on  a  scale  of  one-half  mile  to  one  inch.  Frarey  mapped  the  Heuihek 
sheet  to  the  vest  on  a  scale  of  four  uiles  to  one  inch,  but  it  has  not 
yet  been  published.  The  areas  to  the  south  and  east  are  unoiapped. 

Field  Work 

Mapping  was  carrlod  out  during  the  periods  June  29  to  Au^st 
26,  1957  ^^  June  27  to  September  8,  1958.  Eoyal  Canadian  Air  ITorce 
aurial  photographs  on  a  scale  of  approximately  one-half  mile  to  one 
inch  were  used  in  the  field.  Base-maps  on  a  scale  of  1:^0,000,  provided 
by  the  Topographical  Survey,  Department  of  Min&s  and  Technical  Surveys, 
were  used  for  coiapilation  of  field  data.  One  of  these  maps,  enlarged 
to  a  scale  of  1:31,600,  served  as  a  bajje  for  t>he  final  drafting, 

Traverees  were  spaced  at  intervals  of  cne-half  mile  or  less. 

See  index  map«  in  pocket  at  back,  for  location  of  other  areas* 


and,    in  moati  oausB,  were  directed  across  tha  strike  of  tlae  r  )cV:  xmlta. 
In  th9  heavily  drift-oovnred  eastern  part  of  the  ares.,   they  wfir«)  ad- 
jaatecl  to  cross  all  outcrops  visihlo  ou  tha  atrial  photographs.     In 
the  weatoru  portion  of  the  area,  wlisre  exiiOBioree  ar-^  almndfnt,   tr/.v^rses 
vere  planned  to  £.llow  the   study  of  critical  areaa.     Outcrops  were  locat- 
ed "by  pace  and  coaiTase  Esthoda,   und  t^u?nl,t^g  points  were  taken  only  at 
positions  which  c^oxild  'oe  daf init'^i^  idtmtified  vn  tho  ftiirlal  Tb:itO(;rapha, 
Travei'je  liaus  W'^re  tied  la  to  streaaa,   lake  shor-is,   or  othnr  topographic 
faaturoB,  ejxi.  the  peoa  corrected  to  accord  with  acttial  diatanoys.     Parts 
of  the  '.■?ell-expo3id  Ife'rioa.  Lv.k»*  and  IMufeult  forias^tiont  w  re  Bindied  in 
detail,     liffi  etratlgrephlc  sciotlons  wot»  laeasar-d  in  the  Dsnarilt 
forjaation  and  speoimona  wet©  ooil«cted  ^-.X^ng  each  B*jction  lixui, 

IiEiboratory  Work 

'Sh<t  lijk'iuorw.fcory  work  tfai>  dozis  »«  The  Johas  Hopkins  UniverEity 
d\irin^  the  acadeaic  years  1957-58  ^^^  1958-59.     Thin  sectijna  of  130 
specimens,   representative  of  the  lithologic  units  in  the  Marion  Lake 
area,   were  studied.     The  universal  stage  was  used  (Emmons,    19^3)   ^o 
determine  the  coapositions  of  feldspars  in  the  gawisees  and  araphlholites, 
■but  fliost  aineral  identifioations  were  made  with  the  flafc-stagp  petro- 
grapihic  aici'oecope.     The  Horelco  a-ray  diffractoiaoter  provideid  Idanti- 
fioation  of  minerals  in  a  few  specinena  of  dolomite,   sandatone  and 
slate. 

Modal  co/apoaitions  were  deterrainod  "by  aeaas  of  the  i^^int- 
counter  (Olaeolev,   1933 i   Chayes,   19*^),     Sufficient  points  were  oountnd 
for  each  analysed  thin  section  to  obtain  frequency  distributions  wJiich 
would  not  bo  appreciably  changed  by  additional  data.     Average  roundness 


and  Bjjherlcity  of  detrltal  grains  w«re  ftrtlnated  by  comparleon  with  the 
chart  figured  "by  Krumbein  and  SIobb  ( 19*53 »  ?•  81). 

A  microprojector  was  used  for  thin-section  size  eoialyses  of 
the  sandstones.  The  ar)T)arent  lon^  axes  of  all  sand  grains  in  a  random 
field  of  projection  were  meaBured,  and  the  data  ^rouned  in  size  claesiss. 
fhie  proceaijre  was  repeated  until  mea^uremeuts  of  at  least  4C0  ^aius 
were  obtained  for  each  thin  section.  Conversion  of  the  number  frebuen- 
cies  to  approxiumte  voluiue  j^ercent  frebXiencies  by  the  method  described 
in  Appenaix  A  allowB  couparibon  with  size  distributions  of  modern  sanae. 

The  Biicroprojector  method  was  also  ixsed  for  bise  analyses  of 
%he  saud  fractions  of  uou^lofiierateg,  but  because  a  thiu  section  provides 
too  small  a  sample  of  pebbles  and  gx-anules,  the  nubiber  frequeuoy 
distributions  of  these  larger  particles  were  d(»termined  by  direct 
tieasureateiit  on   polished  aurfsres.  Result s  of  the  fcnalyees  were  oomDiued 
in.  proportion  to  relative  sxorface  area?  of  the  santt,  gravel,  and  matrix 
fractions. 

Number  frequency  diaiributions  and  calculated  volume  frequency 
distributions  for  sandstones  and  conglomerates  are  listed  in  Appendix  B. 

For  detailed  study  of  dolomite  structures  and  textures, 
sneclmens  were  cut  perpendicular  to  bedriJ.nij,  One  cut  siurfsce  of  each 
fiijocimen  ve.&   ground  to  a  smooth  fiJiish  with  carborunduia  powder,  end  the 
matching  surface  was  etched  in  a  10  percent  solution  of  hydrochloric 
acid.  The  staining?  tedmioue  descrioed  by  Hobbs  (1957.  p«  17)  WS'S  used 
to  chec^  for  the  presence  of  calcite,  and  the  ar^ot   test  outlined  by 
kann  (1951)i  vas  used  to  detect  phosi'hates. 

m&veu  sampl&s,  each  consisting  of  fresh  chips  collected 
across  strike  of  the  outcrop  sam^oled,  were  reduced  to  -35  Jafish  and  sub- 
mitted to  thp  Oeologioal  Survuy  of  Canada  for  ohenlcal  analysis.  The 
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Bt'-Eiuee  were  unaliTed  b/  laear.a  of  a  x*a).id  asthod  wLich  gives  a  total 
cplculatiou  of  99*5  *o  ICC'. 5  percent. 

I'he  M&rtcn  L&Ice  tree  It;  crcsecc  ty  tlic  height  cf  liiic.  i^rkiu* 
the  uusui-vej'cu  proviiicitl  tctmcary  betvesu  LfcLrtdor  and  Queliec. 
&tuthici',  flcEB,  Liid  jiericn  i^ket,   en  the  itbrjidcr  Lide  cT  the  utterthed, 
«.re  hf£.<3*f.ttre  cf  the  McSetzie  E.iTtr,  vhlch  di-ainc  pouthe&tt   to  the 
Atlfeutic  Octt&c  via  EE-Mlltci'  Eiver.     Eiviti-e  c.e  Pafc  urt.ine   the  Quebec 
Eid«  nor'^hfctrd  tc  Dngf  y»  "B-^y  vii>  the  G-tor^e  Eiver. 

Topogrstphy  ie  dosei^-  rel^'ttd  to  llfchology  and  striict-ure  of 
tlie  ^•d^oclr.     Folded  &.td  ftultcci  rockt  cf  the  Ltbrs-dor  Tro^h  underlie 
nujficron?  hilie  ocd  ricgtis  vhich  lits  -!00  to  6C'0  feet  above  intervening 
IsJcfcs  ia  the  sKtJttcrii  Lwo-thlrde  oi   the  aiea;   ^nftienes  sxd  ampbibclitea 
Ubdex'lie  c}ou4pa.r6. lively   flat  ts-uii.  bv&ay^-  tex-rain  in  the  aestearxi  third, 
Xi&kee  occupy  ue&rly  oce''<i.aarter  of  the  area,  and  sm^reg  covers  alffioct 
half  of  the  remaining  area.     The  larger  lakes  have  elevatione  between 
150c  and  1600  feet,  and  the  highest  hill,   just  west  of  Lac  Tantouin,   it 
2091  feet  above  eea  lovel. 

Black  spruce  are  the  210 Et  abundant   traet  in  thi  arts.     Ssaie 
vhits   spnice  «,iid  hilsaia  grew  in  the  thicker  et&nds  of  ticber,  and 
taaiirack  is  abands-nt  at  the  aiargins  of  lakee  and  awaiips.     In  protected 
valleys,   the   trees  are  cociaoniy  more  tlian  100  feet  high,   with  butt 
fiiametera  up   to  30  inches,  but   on  kiiid-llotn  elopee  they  seldcii:  exceed 
a  height  of  55  feet.     Willovs,   alcors,   snd  sa^ll  ehrula  cover  the  sides 
of  hills  »nc   fora;  denee  thickete  alou*  etretia;  cfcanatls.     The  ubiquitous 
arctic  f^ijsB  it,    in  lasny  placse,   the  c^ly  bedrock  covering. 


The  climate  of  the  area  is  aub-arctic  and  the  weather  ia 
generally  unsettled.  More  than  half  the  days  of  the  1957  and  1958  field 
seasone  were  overcast,  vindy,  and  rainy.   Svunmer  temperatures  seldom 
drop  helow  freezing  or  rise  above  80  degrees,  but  flTictuate  abruptly 
between  these  limits.   Some  snow  remains  until  early  July,  and  may  be 
expected  again  in  early  September.  Most  lakes  are  free  of  ice  by  the 
end  of  June,  and  seldom  freeze  over  Tintil  mid-September.   The  mean 
annual  temperature  is  approximately  23°  Farenheit  and  the  annual  precip- 
itation exceeds  30  inches. 

Pleistocene  Oeology 

Glacial  etriations  and  grooves  are  visible  on  the  surface  of 
many  rock  outcrops  in  the  area,  especially  those  ez^iosed  on  high  hills. 
At  least  two  different  directions  of  regional  ice-movement  are  indicated 
by  sets  of  striations  (Plate  1),  which  are  present  on  widely  separated 
outcrops.  The  strike  of  the  youngest  and  most  prominent  set  ranges  from 
^9°  *o  55°'     Eoches  moutonees,  drumlin  configurations,  and  plucking  at 
the  ends  of  grooves  indicate  that  the  ioe-sheet  advanced  from  the  south- 
vast.  The  earlier  set  of  striations,  partially  obliterated  by  the  later 
movement,  strikes  at  II5  to  130  ,  parallel  to  the  trend  of  ridges  in 
the  J/ibrador  Trough.  Ice-movement  for  this  set  was  from  the  northwest. 

Glacial  drift  in  the  area  consists  mostly  of  boulder  till, 
but  there  arc  extensive  sandy  outwash  deposits  around  Marion  Lake  and 
east  of  I/ic  Tilledonn^.   In  the  eastern  part  of  the  area,  where  the 
drift  has  a  high  clay  content,  there  are  many  small  drumlins  and  larger 
drumlin-like  ridges.  Only  the  small  drumlins  can  be  reco£:nized  easily 
in  the  field;  the  larger  forms,  particularly  abundant  east  of  Lac 


PUT£  1 

Olaolally  polished  b«4rock 

Outcrop  showiac  ■trLatioiu  and  pluckloc  dus  to 
Plalatooene  slaciatlon.  Ice  moTesient  wae  frou  the  left, 
and  parallel  to  the  hajmner  handle. 
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Gouff ier,  are  features  clearly  »een   in  aerial  phofcoj?raphs.  They  are  as 
ratiph  as  50  feet  high  end  3OOO  feet  long,  and  their  long  ais-s  ere  paj*.!- 
lel  to  striations  and  ^Tocves  foraed  by  the  last  glacl&l  edTence. 
Bid^ea  Risilp.r  to  theso  have  been  observed  in  the  country  v;G5t  of  Hudson 
Bay  by  Bird  (1953).  ^^o   called  then  "dnyalinolds", 

Eskers  are  prominent  topographic  fectures  in  the  east  lailf  of 
the  area,  where  the  drift  cover  is  relatively  thick.  The  eskers,  which 
consist  mostly  of  well-sorted  sand,  are  as  Emch  as  t*C   feet  wide  and  20 
feet  high,  but  the  average  cross-sectional  dimensions  are  about  one-half 
of  these  figures.  Although  locally  sinuous  and  discontinuous,  they  are 
for  the  most  part  remarkably  linear  and  persistent.  The  fact  that  their 
trend  is  elmcst  perpendicular  to  the  latest  direction  of  ice-novement 
presents  an  interepting  problem,  p-^rbaps  the  front  of  the  inelting  ice- 
sheet  W8.8  lobete,  J'.cd  cub-glacial  draiaage  tows.rds  a  salient  gave  rie© 
to  the  encnaloue  cp.kere.  The  eckerr,  could  alco  have  foraed  as  dejoelts 
in  fiesuree  which  opened  j«r©.llel  to  the  front  of  the  retreating  ice- 
sheet.  Ssker-like  ridges  formed  in  this  way,  called  "ice-crsck  Jiorsine", 
have  been  described  by  nrroule  (1939).  Undoubtedly  the  ics-sheet  was 
In  a  stagnant  condition  at  it  iceltsd,  st  least  in  the  area  vhere  the 
anomslous  eskers  exist. 

OEHEEAL  (JEOLOGY 

General  Statement 

A  major  fault  separates  rocks  of  the  Knob  Lake  group,  in  the 
southwestern  part  of  the  area,  from  rocks  of  the  Murdook  and  Doublet 
groups,  which  underlie  the  central  part  of  the  area  (eee  map  in  pocket). 
Its  southeastern  extension  has  not  yet  been  investigated,  but  Prarey 
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(1952)  ^iS  Mapped  this  fftiilt  for  a  dists«.nco  of  aore  than  50  .jllos  to  the 
nr»rth-rfe»t.     In  acoorfc-nce  I'lth  pr jtIo-ub  jaapplrjg  (3'niroy,   1952),  thfl 
Mnrdock  .tad  Do-atlet  gr.rApc  aro  plaood  strstlgra  ihtcally  .-ibovo  th^  Eno'b 
1/iko  gr<5Vip  (Table  l), 

Foldti  in  thii  Kno"b  L^ki?  groTsp  ylun^  steely  to  the  nortcweat, 
in  centre  at  to  folds  la  th*?  Mnrdock-  r  nd  Bou'bl'^t  grotipB  v/hlch  pluin^e 
gently  to  the   southeast.     Eocks  of  tho  Kndh  Leko,  H'ardock,  and  J)oul)lrtt 
groupa,   together  with  tb5  a'bund£Lnt  coaferraablf!  silis  with  w!:tGh  thf^y 
are  closely  associated,  represeat  tho  nain  rock-types  of  the  Labrador 
SroTigh. 

She  eastarn  one-third  of  the  area  la  uaiderlaln  "by  gn-slaaes 
aad  amphi'bolitos  which  arp  separated  frora  rooks  of  t!M  l^brnc  ^r  Trough 
by  a  raajor  feaXt  son©. 

All  Bedifflftntary  rooks  have  boftn  metRnnr^ihoand   to  aotw*  extent, 
Sfindstonaf?  havp  beea  traneformed  to  BWtP-ciiie.rt5iteB,   ailtfton^s  to 
arglllltesj  -tnd  shalen  to  slutes     snd  phyilltaa.     However,  jirivr.rf 
BtructTires  and  textures  heve  been  ])reservr;d   la  r»ay  plnces,   r>nd,   la 
this  thesis,   sediiaent&r:'  isanes  are  used  for  rocks  which  ejrhibit  little 
evidence  of  aetataorphiem. 

KNOB  lAKE  (ffiOUP 

Harrison  (1952)  coBij;llGd  the  tyye  section  of  the  Enob  l.pke 
group  on  the  basic  of  detailed  study  et  Knob  JUJ  a,  35  »»ilf'8  west  of 
Marlon  lake.     In  Table  i ,   it  is  compfired  with  the  section  exposed  In 

the  Marlon  Lake  area.     Sokoiuan,  liuth,  end  i'lerai&f  foriD&tlons  are  missing 
In  the  Marlon  Lake  area,  and  two  forsifetions,   not  present  in  the  ty^e 
section,  h£.V6  been  tapped. 
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Table  of  foi'matlons 
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FsiTL^iaoun  •latea,    ■;/ jl  jh  oron  :j'xt  on  the  uorgh  fch^r^  of 
Marioii  lev^a,  ajrs  poBJiibly  eciulTalonS   bo  the  Soko-iun  aud  Huth  .'omti-il'jus. 
Hovsrer,  "beoauss  no  "br-wLks  ia  tii.^  rscord   of  asdlaientf.uioa  wox'o  noted  in 
the  fluid,    thii  rocku  ao-e  bore   includad  in  t,h^-  Meuihftk  form£n;i-.,a, 

Absanoe  of  lb.c  yieirlng  Jorjuti-fcicn  in  t'M  mii'^i'.Tei'  svAy  be  cue 
■to  erool?:i  or  lo«>.l  r<oa-depoui-tio;:,     Harrison  (195^^.   p.   9}   -'.o-'u.ja   tliat 
the  ^icaiJitj  in   '.ht;  I'i:.oa  I^^-re  area  13   thia.  j;.2>?  di3cc-,-."!i?.auo''i3.     Oliart 
fr£.gjiacnt£,   wixicii  arc  s'u>i:;d.,.nt   lii  viae  Wi.==-ijti.xL  of  i^he  Hurioa  iisiM  tirca, 
jaay  have  Tieen  derive 3  from  the  jj'iwaiijg, 

A  sequance  of  sedlaontaiTy  rocks,   herein  n&med   the  Mrrlon  I^ks 
formation,  and  ^  seq'u^nce  cf  '7o.t.c;uuc  ruck^,  herein  natafed   vho  Kcco 
for.'satioii,   occw  between  the  At-llai-JSirej-  tad  Kene.'oX''-  foraaa'iiu.ia  In   1/he 
Harion  Lel-e  arer..     Becfiuse  the  lithoiogsr  of  the  Marloa  lafe  forraation 
iB  qui  40  sirali^.r  to  th^t  oi    the  yieiiai't,   equivalouts  of  tht  Me  rioa  L^ko 
fori3P-tioa  ussy  be^e  eisievhere  been  luapped  e.&  ViBLar^i»     Tolc&uit:  locka 
closely  &fc'30oiattd  wil-h  forajstiona  of  the  Fnoh  Xiftko  ^roup  h^ Vf  lieen. 
tei'iaed  '*^ixaifih  volcfissics"  by  eeoiogiata  cf  the  Iron  Ore  Cor^a^'  of  Canada. 
perliRp'j  it.''  Kecc  ferret  Ion  late  SiijlBh  eq.uiv£.lent8. 

Attikaimgen  ForiiAtlon 

She  i.t t Iksfiftj^n  forms-ticn  is  r»>pr8tentcd  ty  widely  i;c&tter»d 
outcrop*  south  pnfl  tcutheaet  of  Mrrlon  lAke,     Correlation  with  the  type 
Attike.'Migeu  (Eerrlecr,   195?)   is  bpped  or  lltholcflc  ciirilfrrlt;'-  &nd   strati- 
gr£})t:ic  Tocitlon  (htiiow  the  Dersult).     I'ha  tf-ec  of  the   fcrjfisticn  is    not 
exposfd  in  th*-  area,  h-'xt  ^teer  clips  snd  fr^^ial  extent   indlcite  a  po?glhle 
thicknesE)  of  more  %htjc  5,000  fftPt.     Attltudee  of  the   -tsrata  arc  not   con- 
sistent,  however,   ervci  reveraale  in  dir)  have  been  ctscrTsd  in  ottcropa 
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less  than  one  hundred  feet  apart.  This  strongly  sviggests  that  the  thick- 
ness of  the  foraiation  has  l3een  exaggerated  by  structural  repetition. 

Description 

Finely  laminated,  exceptionally  fissile,  rusty  weathering, 
gray  to  black  slates  and  silvery  gray  phyllites  are  the  dominant  rock 
types  of  the  Attikamagen;  a  few  interbeds  of  light-gray  to  bluish-gray 
siliceous  argillite  are  exposed  in  the  upper  part  of  the  formation.  A 
typical  Attikamagen  outcrop  is  shown  in  Plate  2A. 

Bedding  consists  of  alternate  quartz-rich  and  mioa-rich  lami- 
nations, commonly  less  than  0*5  bub  thick,  which  form  tabular  units  of 
relatively  uniform  thickness.   The  micaceous  layers  are  finer  grained 
and  more  carbooAceous  than  the  siliceous  layers.  Small-scale  cross 
bedding  can  commonly  be  seen  in  the  silty  layers.  Primary  lamination 
and  structure  of  the  phyllites  are  obscured  by  flow  and  fracture 
cleavage  (Plate  2B). 

Grain  size  for  most  Attiksmagen  rocks  ranges  from  0.005  to 
0.1  mm.  Some  minerals  in  the  phyllites  can  be  identified  by  petrogra-hic 
methods,  but  accurate  modal  analyses  cannot  be  obtained  because  of  the 
fineness  of  grain.  The  average  mineral  composition,  based  on  estimates 
for  several  thin  sections,  is  approximately:  505^  quartz,  255^  chlorite, 
15^  muscovite,  and  10^  albite.   In  some  phyllites,  biotite  takes  the 
place  of  muscovite  and  chlorite,  Althoxogh  much  of  the  quartz  and  albite 
is  recrystallized,  dusty  outlines  within  a  few  grains  indicate  detrital 
origin. 

Because  the  black  slates  are  extremely  fine-grained  and  are 
commonly  clouded  with  carbon,  their  mineralogy  cannot  be  satisfactorily 


PLATX  2 

Attikaoacen  slate  and  pb^llita 

A*  Typical  outorop  of  Attikaaa^n  slate  showioc 
well-dereloped  beddioc  oleaTaj^e.  White  object  near  center 
of  photoeraph  is  tvo  inches  wide. 

B.  Thin  section  of  phyllite.  Beddinc*  consist- 
ing of  alternate  qtiartz-  and  mioa-rich  layers,  is  crenula-^ 
ted  by  inclined  fracture  cleaTage.  Ordinary  lifht,  Z25« 
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determined  by  petrograyhic  methods.   Chemical  analyses  and  x-ray  stxidies 
are  required  to  determine  the  mineral  composition.   The  chemical  compo- 
sition of  a  representative  slate  sample  from  the  Marion  Lake  area,  &nd 
the  compositions  of  twc  Attikasiagou  saiupleb  from  the  type  locality 
(Gross,  1951),  er«  s'lnwn  in  Table  3» 

The  three  samples  have  notably  hi^h  silica  and  low  lime  con- 
tents, and  in  contrast  to  normal  peiitlc  rocks,  they  contain  n^  carbonate 
sinerale  (indicated  by  the  lack  of  002)*  The  sample  from  the  iiarion  Lake 
area  differs  from  the  other  two  in  having  a  lower  potash  content,  a 
higher  magnesia  content,  and  a  mu;h  higher  ferrous  to  ferric  iron  ratio. 
X-ray  analysis  of  sample  58-93A  r'^vealed  that  tha  major  minerals  are 
quartz,  chlorite,  muacovite,  and  albtte.  The  normative  composition  of 
the  santrile  is: 

Qxiarta       ^7.0  Alblte      12.? 

Chlorite     25.?  Sphene       0.9 

Muscovite    12.2  Carbon      0.2 

Origin  and  pepositiooal  Environme.it 

Absence  of  coarse  elastics  in  tne  Attikamagen  sugges".8  depo- 
sition far  from  shonj,  but  may  also  be  explained  by  near-shore  sedimen- 
tation adjacent  to  a  low-lying  laid  mass.  The  delicate  lamina':ion 
Indicates  relatively  quiet  water  iepositlon,  but  conr;on  occurrence  of 
;ro8s-oedding  demons-jrates  at  lea^^t  intcrnittent  current  or  wa-re  action, 
suggesting  that  depth  of  water  was  not  great,  Elch  says  of  slnllar 
finely  laminated  shales  (1951i  p.  2022):  "(They)  must  have  been  deposited 
in  quiet  water  free  from  wave  or  <;uxrent  action,''  but  he  notes  (I951f 
p.  2039)  that:  "the  depth  of  water  need  not  have  been  more  than  a  few 

hundred  feet." 
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Chemical  Composition  of  Attiksmagen  Samples 


Specimen  No, 

58-93A 

12 

L3 

SiO^ 

68.5 

64.43 

68.72 

Ti02 

O.ij 

0.66 

0.53 

Ll./i.^ 

14.3 

18.39 

14.69 

le^Oj 

0.7 

2.71 

2.8? 

FeO 

5.91  , 

2.56 

1.67 

HbO 

MgO 

2.] 

1.69 

1.4c 

CaO 

0.2 

Ba^O 

1.5 

0.80 

2.02 

KpO 

1.5 

4.92 

4.35 

H2O  + 

3.38 

3.75 

3.58 

H2O  - 

0.24 

0.42 

P2O5 

— 

0.03 

T 

CO2 



SO.3 

C 

1,16 





Total 

99.  S 

100.18 

1G0.20 

58-93A     Black  slate,  Attikamagen  lormation,    Marion  Lake  area. 
Analyft  -  K.  Hoops,  Oeol.  Eiirv.  Ctxiada 


1j2,  13     Slate,  Attlkteisfiien  formation,  Kcob  Lske  aroa. 
Analyst  -  W.  H.  Herdsman,  Oeol.  Sutt.   Canada 
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Carbon  In  the  Attikferae-gen  sa^gi-jetB  ccntrltution  of  orgajiic 
materiRl,   Taut  because  fossils  are  abeent,    the  eoiirce  of  carbon  is  unknown. 
Excellent  preservotion  of  laminfition  indlcateB  the  Rbsf?nn8  of  bottom- 
dweliing  urgfuiems  (Hoore  and  Scruion,   19'^?,  p.   2743),   and  protrbly, 
therefore,  peleglc  oT^.ni.em9  were    the  contributlni:  life  for:r.8.     The  lack 
of  carbon  in  the  two  sanaples  from  the  Knob  Lfike  Rrca  oey  reflect  unecual 
density  of  biota  within  the  basin,   but  could  also  be   the  result  of  local 
varifttions  in  oxid&tion  potential. 

Tveiihpfel  (1939)   reviewed  the  bleck  ahale  problem  end  (^escribed 
the  enTiromiental  conclitione  (1939i   p.    1131)  as  Aub  to:    "...   poor  circu- 
lation &nd  veutilBtion  of  water,   limited  entrance  of  oxygen  conr.ected 
uith  thje  llmitetior).  of  circnletion  and  «ocumuls.tion  of  toxic  products." 
Eotie  circiiletion  must  heve  occurred   in  the  Attikajaagen,   as  indicated  by 
the  scattered  cross-bedding,  but  it  obviously  was  not  sufficient  to  bring 
about  comxl':  te  oxidjition  of  organic  material,     Pettijohn  (195?,  p.   625- 
626),   in  a  diucusfiion  of  the  anaerobic  environment  nec^'seary  for  depo- 
sition of  carbonaceous  shales,    stetes:    <*It  seems  most  probable  that  some 
impediment  to  convestion  is  necessary  and   the  best  hindrance   ie  a  density 
stratification  related  to  salinity  differences.     Such  is  readily  obtained 
in  a  barred  besin. "     The  aatn  requireaent  of  the  barred  basin  environment 
is  an  offshore  barrier  (Fl^JiSing  and  Eevelie,   1939).   but  the  existence  of 
such  control  cannot  be  demonstrated  for  the  Attikamesfren. 

liarion  Lake  Formation 

The  name,  Marlon  Lake  foriuKtion,  ia  here  proposed  for  the 
{sequence  of  sandstones,  siltstonee,  Rlates,  and  conglomorates  which 
overlies  the  Attlkamegen,     Table  4  shows  the  stratigraphy  of  the 


TABU-:  4 


Stratigrapl^  of   uhe  Msirion  Ls.ke  Formation 
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1 
linlt 

Litbology 

Appv  .ziusita 
Thlckn.3n9 

Ehyt,h3iicall7  bedded,   Iniff,  pale  gr©en  and  dore 

8 

gray  Biltstons;   lenses   of  congiojjerBte  and 

600 » 

SI  ad  stone. 

Basic  Sill  

7 

SiiythmlcRlly  beddad,   pnle   green  nnd   buff  silt- 

1000 » 

stone. 

6 

Massive,   crosB-becided,    cream,   pink,   and  pale 

200  • 

Intercalated  nisty-  to  prey-weathering  dsrV  slate 

5 

and  gray,   v«irj  fine-grained  sandstone  with  siqbII- 

6oo« 

sonle  croB9~bedding. 

ii 

Pele  gvsan  to  buff  rhythmically  bedded  sntston*. 

300» 

3 

Mae  Hive  plnJc  sandstone. 

)00' 

-  -  -  Bei.sir  Sill  -  -  - 

2 

Rhythricallv  bedded  gray  end  white  slltstonej 

1?00« 

laminated  pin'-  silt-jfcono. 

1 

CroBS-bedded  pin^c  sandstone;   asassive,   pale 

200' 

yellow  sandstone;    interbediad  3onglOip-ratc. 

Approximate  total   thic'rtPss 

','oro' 

Rhythmlcall;/-  bedded  slitptone 

2800 « 

Sandstone 

1100  • 

Black  elate 

m 

Conglomerate 

1»0« 

J  >■.■  i..I    ... 
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forii»tion.     TMclr;iosa-:B  were  ocaltd  fron  serial  photographs  &ud  corrected 
for  f'.ipe  meusurad  in  the  field.     It  is  ass-aL.ed  tbtt  tha  three  )e.nds  of 
c.«»dinontp.ry  rock,   nov  Eepertted  by  b&sic  sills,  wore  contiguoiiE  prior  to 
iutrtis Ion,     On  ths  'tecie  of  iilhologi^,    the  foriaaiion  il^  b  toren.  c'ivK^ec! 
into  ftlH^t  nr<t"=,     ■Rj^rrna*-   f.Vi«=  >Mr!.5i»  nf  f>»»  lov^?T5c?t  "lon^.t   ''!?■?  'br^neatb. 
the  southwest  fcrsi  of  Htrior  Luke,   the  PtXvxa  cf  tho  contact  with  the 
AttlkPiOEgen  is  uaknovn.     Howt>ver,    sifcte  and  qu?rti;ite  pe'bl:le9  in  conglom- 
orrte    x^dn  near  the  1je.&*  ut  th.-i  H^riou  Lake  forixiiiion  euggt  ot  t-a.  imcon- 
^ornity;    chsrt  hedf   in  tht;  Atti>-:5i«£en  Vn^vo  torn  reprrtod  by  Etrrijon 
(  1952,  p.   8),  fttd  owfTtritoa  ( ";'ev;.--..rri  fjJiiB")    » trf,tiirrFpl-ic&li,\    1)510*   the 
.(ittikaj«^eii  are  rej-orted  ty  geclrjjista  of  thP   Iron  Ore  Gomj^ny  cf  Canada 
(Glenn  Eogi^,   personal  coiniifur.icPtlori,    19^8). 

Siltstonas  utiles  up  abont  70  percent  of  i,h«  Mprion  3>\V«  Torjap- 
tlon  (Tfnitn  ?,   'i-,   7,  and  9),    aaniistonee  lesf   thtia  30  percent,   (Units  1, 
3,   5,  imd  6),   congloDierctca  about  1  percent  (30  foet  of  Unit  1;   10  feet 
of  Uni'i  8) ,  and  "blfeok  alutts  lea3  than  i  peicfcut  ( interhstifi  in  Units  5 
;!ind  3). 

Sandstone 

The   sandstcne?   of  Unit?   1.    ?,   anrt   6  ers   toufh.    iiMMiiiWf*.    irwaf'lijn- 
to  f imt-gr»  ined,   rii^s-foraing  rocks  which  are  pinlc,   tan  creaa,   or  pale- 
j'ellov  on  fresh  and  leathered  surfaces.     Bedding,  where  visible,   is 
Eiarked  by  streaks  cf  iron  oxide  ar.d  hes-vy  ninerals,  and  T&ix&cz  froa  1  to 
5;  Dm  ii.  thickness.     Tabular  units  ehowing  planar  cross-lamination  occur 
In  a  few  outcrops  of  Unit  1.     More  abundant   is  croes-lamination  of  the 
ieatooi.  type,   consisting  of  wedge-shaped,   cross-bedded  units,   3  to  8 
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Inches  thick  and  1  to  3  feet  long,  (Plate  3A).  Inclinations  of  both 
types  of  crosB-ljedding  range  from  10  to  2?  . 

The  attitudes  of  1^  planar  cross-heds  were  measured  in  sand- 
stone outrops,  west  of  Marion  Lake.  The  attitudes  of  10  cross-beds  were 
also  measured  in  outcrops  of  Wishart  sandstone  at  Squaw  Lake,  4o  miles 
west  of  the  map-area.  The  data,  corrected  for  bedding  tilt  by  the  stere- 
onet  method  (Eaff,  1938)  •  s.re  euauoarized  and  compared  in  7ig.  2.  Both 
sets  of  data  indicate  predominant  sedimentary  transport  from  the  west. 

Most  sandstone  outcrops  show  thin,  even,  planar  bedding.  Com- 
oonly  associated  with  the  normal  bedding,  however,  are  tabular  units,  1 
to  3  ioches  thick,  which  contain  small,  concave-upward  ripple-like 
structvires.   In  longitudinal  section  they  appear  ae  symmetrical,  curved 
traces  with  amplitudes  less  than  0.5  inches  and  wave-lengths  of  1  to  3 
inches.  The  "ripples"  are  commonly  truncated,  as  a  result  of  overlap. 
In  a  fashion  suggesting  scour  and  fill. 

Unit  5  consists  of  intercalated  black  slates  and  very  fine- 
grained, ru8ty-weath'?ring,  light  gray  sandstones.  The  slate  layers, 
which  are  1  to  5  ^^lua  thick,  alternate  rhythmically  with  sandstone  layers 
1  to  4  cm  thick.  Many  sandstone  layers  are  cross-bedded  and  tend  to 
pinch  and  swell  laterally.  Contac  U-   between  the  sandstone  and  slate  beds 
are  sharp;  gradation  in  composition  or  grain  size  from  bottom  to  top  of 
individual  beds  is  notably  absent. 

The  sandstones  contain  k6   to  92  percent  quartz.  Most  qxiarts 
grains  exhibit  clastic  boundaries,  but  only  a  few  have  overgrowth  rims. 
The  grains  are  subangular  to  well-rounded  and  are  highly  spherical 
(Plate  4).  Most  of  the  quartz  is  strained,  but  very  few  grains  are  frac- 
tured. Clear,  sharply-twinned  detrital  plagioclase  (mostly  oligoclase) , 


Fis.  2 

Crofls-beddlng  dip  asinuths  for  two  localities  in  tha 
Labrador  Trougb..  Tlie  data  are  corraoted  Xor  beddiu*  tilt  eind 
plotted  on  rose  diagrsas  to  ehov  percent  frequency  distribution 
in  30**  cla^s  IntnrvHls.  The  circular  traces  define  10  percent 
inoreaants. 

A.  Bose  diagram  based  on  14  cross-beds  in  Unit  1  of 
the  Marion  Lsi'-ce  f  orimati  m.  Readi:;^i}  t£ii<:en  on  the  soutLweet 
shore  of  Murion  Lake. 

S.  fiose  dia^^am  based  on  10  cross-beds  in  an  outcrop 
of  Wishart  quart^^ite.  He^-uin^r  tak«i:  &t   Sc^u^vi  L&ke,  35  miles 
west  of  the  Marion  Lake  area. 
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PL/LTB  3 

Outcrops  of  MtiriRn  Lake  s&ndBtone 

A.      ^rVon©  nf  Vni%  1  f^howjng  festoon  oroei 
\ifdti,     Fi«ld  e«*u  le  2  feat  wide. 

B*     Jointed,  -parti/  frost-haarad  axpoaura 
of  sAndstona.     Scala  indientad  tj  hamaar. 


PUTE  k 
PhotomicrofiTftp^  of  Marion  Lake  sandstone 

A.  Orthoq'oartzita  conslatizic  of  well-8ort«d, 
well-rounded,  fairly  spherical  grains  of  quartz.  Note 
microstylolitic  interpenetration  of  eraina.   Croaaed 
nioola,  X'K). 

B.  Arkoae  containine  a'bundant  qiiartz  and  fresh 
plafioelase  graina.  Compare  sorting  and  rounding  with 
(A).   Crossed  nioola,  JOO* 
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le  present  in  &11  but  one  esncetone  thin  section,  and  sicall  ar4cuxite  of 
\uitwlnned  mstamorphic  al'bits  are  preser-t  iu  all  of  them.     Potash-feldapar 
Is  relatively  ebxindant  In  one  eyectcen,   \m%  scarce  in  the  otherr.     Mont 
of  it  le  •'Isa.r  microcline,   SAElly  recofnized  ty  the  grid  twinr.iT!*;.     The 
feldepsrs  hare  the  Eaas  roiindneefi,   sphp-riclty,  end  Rlise  dietrihution  ea 
the  qiiB.rtz.     Some  qtarta  end  feldBrsr  ^reine  ere  EiBr^lns.lly  replaced  by 
fine-grsined  iiicae,  and  sone  h*v«  cjicroetylolitic  bounderles  in  common 
with  adjacent  grelnc.     Most  specloenB  of  the  Jferlon  Lefce  eandetonfii  ccntain 
a  few  rock  frEgrornte  which  «.re   similar  lu  elze  and  sLftr.e  to  the  cuartK 
and  feldEi)&r  grains.     Chert  Is  the  Koet  abvinc'art  rock  fragssent,  but  silt- 
etone,   quartrito  and  elate  are  coEmoniy  prosent.     Siite  dlBtributions  for 
several  sp.ndstoneB  were  calculP.ted  according  to  the  method  outlined  in 
Appendix  A,     Modal  sine  clasees  are  in  the  range  of  fine-   to  nedium- 
grainfid  Bend,  and  more  than  90  percent  of  each  sample  is  contained  by 
three  Udden  size  cl&eaes  (Fig.  3)«     '^^^  sandstones  are  well-sorted 
(Trask,   1932,  p.  71). 

Silt-  end  cls^y-slycd  flakes  of  muscovlte  are  me-jor  constituents 
of  the  natrix.     X-ray  ejoiilyrris   indicates  that  the  muEcovite  has  a  2M 
fitnicture  (Yoder  and  Burster,    1955)  •     I*  ^s  inticjately  intergrown  with 
chert  and,    ?n  plfeces,   disloefJony.     ?iotite  and  chlorite,   which  ere  the 
only  other  cimD-titetivelj'  iraportent  raatris  raineralB,  am  relatively 
Bcarco  in  most  of  the  thin  sections, 

Detrital  toyrnallne  and  zircon  are  coranon  accessory  minersle. 
The  totirraline  and  sirccn  grains  ar<5  less  than  0.1  mm  in  diaaeter  end 
are  w.3ll-rounde<3.     Some  nf  th=>m  orhibit  fuhec'J.-il  overgrowths.     The  opaque 
fflin.^rals   ixxolude  aKignctits,    llmonito,    leucoxen^,  and  hematite.     Pyrite 
is  &bund&nt  in  Specinsn  57--50B,   but  is  abuant  in  the  other  sandstones. 


Sit*  histofirasit  for  fo\ur  Marlon  Lak*  sandstones, 
showing  the  estimated  Toliuae  percent  distrilmtion  of  dstrital 
grains. 
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The  pyrite   la  prote-'bly  authlgf;ri.''.c,   'b'^cjuiee   tt  oo<saTB  la  eiihcdriil  gi'Bia* 
«vnd  is  not  concentreted  along  the   oedding» 

Modal  cor,po  sit  ions  of  fLiv.  GfjiclEtoae   si'ecioenc  are  ahavTi  ia 
Tt^ble  5.     Aooording  to  Pettijohii'e  pi&asiflofction  (1957,   p,  291),    the 
prfdomixiant  rock  tyi.ee.  are  feldspatiiic  sandstones,  but  one  speciaea, 
^'hlch  is  representative  of  Unit  6,   is  an  orthoquartaite.     The  clionical 
conij)05ition  of  s.  rftjoresentstlTe  orthcsiisartBite  froa  the  Marion  hsJce 
foiTAtioa  is  Bhovn  in  fs."blo  6. 

<EABI£  6 

Cheoicfcl  CoETOosition  of  a  Karloa  Ltx^n  Orthoota&rtzite* 


S102 

95.^ 

TiOg 

0.0 

AI2O3 

2.9 

^620^ 

0.2 

?eO 

0.16 

MnO 

0,0 

Meo 

0.4 

CaO 

0.0 

Na20 

0.1 

K2O 

0.9 

V 

0.52 

Pp05 

0.0 

CO2 

QrOO 

Total    100.6 

♦Saople  57-5IA  Orthonuartrite,  Unit  6,  Hi  rlon  I,Dke  fcreirition. 
Analyct:  G.  Sender,  Geo?..  Surv.  Cs^nada 

The  orthoq^iartzite,  which  lacks  lime  and  has  high  alkali  and 
alumina  contents,  ie  similar  in  chemical  compoBition  to  the  Lorrain 
qtuirtzite  (Collins,  1925«  p.  68).  The  Marion  Lake  sample  has  the  folloV' 
ing  normatiTe  composition: 

Quartz    89.5  MusooTlte    7.3 

Alhite     0.8  Chlorite     1.4 
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Ilote  th£it  the  nodel  oOEip-Bitlon  {ft.Wz  5)   ^^'^  ^^^^  nrthcc'nfi-ts?.te  clowaly 
corrwapciidB  to  the  ncrTattiTC  cc'.?pocl"ticr.  (y,  20). 

Origin  and  Depositional  ilnvironaient 

Si?'©  t^iptributionr-  of  the  well-?orted  ^'a^i.or:  Lfiro  sands  (Fi?. 
?)  ere  sinilar  tr-  those  of  s^odom  eandi?  Aepoalted  5.-  shell-w  watf^r, 
flttYlrttr.e,  end  f.?olisn  pn^Jp^nmenta  (W.den,   191'i-«  p.   703;   p.  71^719t 
y.ni  Weutv7orth,  1?32.  p.  7^7'^). 

The  alrc^^.dent  fc?tocr  crop.o-'bede  are  indicative  of  scour  and 
fill  action  by  shifting:  r-orrentb-.     Knight  (1930)  attribtites  the  fcnsBtion 
of  festoon  oross-'beSdin^  in  the  Ca?Tv=r  and  ^ejialeep  forrnF^tiorss  to  "oecl^- 
leting  ctirrcatE  in  cc>E:parf.tlve3y  fchallow  water,"  "but  McKee  (1953.  p.   37. 
31,  end  Fig.   22)   rjfts  described  fer.toot  cross-bedding  in  cl.l'j.vis.1  fens 
end  eeolier  send  drrRc.     Bcffr;.jld  (19^M,  p.   2C1)  rnd  McEee  (1953.  p.  2?) 
haT?"  noted  that  ff^olirn  croas-beda  ccomonly  have  inclinations  ranging  from 

30**  to  34  .     Incl.'.nf.tlonB  of  crcBs-beds  meBEured  in  Marion  iake  s£jnd«tone8 

o 
are  all  lesn  than  2?  .    ?»»f:eesting  '•u'baotiecn.s  deposition. 

The  Mter^nn  L^Jco  awmdetoncs  which  ej-hibit  fine,   planar  lanin^^tlon 
closely  resomblft  sand  d«'pccits  cf  niodern  beaches.     Thompson  (1937»   p.   727) 
def?crlbe«  Cfi-llfomla  bi^Rrfh  gfjnd  in  i-;hlnh  •inj»ln  Ismin^tions  can  b*  traced 
100  feet  or  mcrft.     5hr  common  occarrence  of  ripple-like  croBe-bc doing  in 
the  sandstones  showing  planar  bpdding  ie  noteworthy,  because  Brlnkman 
and  Hulsemnn  (Clttd  b7  Pcllretlcr,   2957.  p.   68)   hr-Te  obcprrod  snc*  nrp?'«- 
beddicp  in  nodern  lltterrl  rnvironconts. 

The  8BrdSvonc-f!:Ate    Intrrbede   cf  Unit  5  ere   Eiir.iler  to  cand- 
tahalc  acscoieticnf;  now  being  deposited  on  tiiinl  fltits  of  the  tfadden  fea» 
Tfc«  Waddgn  Sea  scdimenta  ti-ovt  the  following  feetures  (Van  i^tra&ten,   1951)* 
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1*  Alternation  of  s&nd  and  clay  layers 

2,  Leek  of  graded  bedding 

3*  Abundance  of  cross-bedding  in  the  sandstone  layers 

4.  Lateral  irregularity  in  thickness  of  individual  beds 

5.  Sands  are  very  fine-grained 

The  Unit  5  rocks  exhibit  all  these  features,  and  the  scale  of  the  inter- 
bedding  (beds  less  than  ^   cm  thick)  approximates  the  scale  of  the  tidal 
flat  deposits.  Potter  and  (Jlass  (1958)  describe  similar  siltstone-shale 
interbedding  in  a  sequence  of  Pennsylvanian  age  which  is  interpreted  as 
forming,  in  part,  on  a  "shallow,  marginal,  marine  shelf."  These  workers 
note  similarity  of  Texas  Oulf  coast  sediments,  Wadden  Sea  sediments  and 
the  rocks  which  they  describe. 

Most  of  the  Marlon  Lake  sandstones  are  somewhat  feldspathic. 
Krynlne  (19^'3)  pointed  out  that  the  presence  of  abundant  feldspar  can 
reflect  either  high  relief  of  the  source  area  or  a  rigorous  climate.  The 
poor  roxmding  exhibited  by  the  feldspathic  sandstones  indicates  a  short 
abrasional  history,  and  therefore  source-area  uplift  is  the  favoxired  ex- 
planation for  the  feldspar  Influx.  As  demonstrated  by  cross-bed  data, 
direction  of  sedimentary  transport  was  from  the  west.  The  quartz-  and 
feldspar-rich  crystalline  rocks  which  flank  the  west  side  of  the  Labrador 
Trough  are  probable  source  rocks.  Uplift  along  the  west  side  of  the 
Trough  may  therefore  have  initiated  the  periods  of  arkose  deposition. 

Conglomerate 
Deseriptlon 

Layers  and  lenses  of  conglomerate,  less  than  15  feet  thick,  are 
conformably  interbeddad  with  sandstones  in  the  lower  parts  of  Units  1  and 
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8.  The  ooriglouK rates  are  grav-  to  tan-wet.th'irliie.  greenish-gray  to  buff 
rocks  which  ar»  laasBive  and  eztremeljr  well-indurated.  Pebbles  and  gran- 
ules of  que.rtalte  and  chert  conpoee  25  to  35  percent  of  the  eoi^lomerates 
(Plate  5).  A  few  elate  fragments  are  preeent  In  eoBs©  8p«cir.ieno,  Moat 
of  the  siliceous  rode  fregmente  are  well-rounded  and  equidimensional,  but 
the  slate  fragmente  beve  distorted  lenticular  nliai-ee,  Fremeworks  are  «"is- 
rupted;  t;he  rock  fra^aents  are  enclosed  by  a  matrix  similar  in  composition 
to  the  aescciated  arkosic  sandstones. 

Origin  and  Depoeitional  Bnyironeent 

Sstioated  size  frequency  distributions  for  two  Marion  Lake 
co&gloiBsrai>@i>  are  shown  in  Yig,   4.  The  distributions  resemble  the  dis- 
tributions of  modern  alluvial  gravels  (Weutworth,  1932,  p.  32-37)  and 
flood  gravslB  (Krumbeln,  19^,  19'^2).  The  poor  sorting  reflects  a  short 
history  of  transport.  Some  of  the  pebbles  are  well  rounded,  but  studies 
of  recent  gravels  (Plumley,  19^)  have  shewn  that  pebbles  becoiije  well 
rounded  by  streaa  transport  within  reietlvaly  short  dist*-nce3.  Seach 
gr&vcls  are  commonly  well  rounded,  but,  unlike  the  Marlon  Lake  congloraer- 
ates,  show  good  sorting.  (Jlacial  till  is  characterised  by  a  wide  range 
of  sise  grades  (Kruaboin,  1933)*  but  because  the  Marion  Lalce  eongloEsratfts 
forai  lenses  and  Iftyers  intei'c&lated  with  well-sorted  sandrtones,  gls.cial 
origin  is  unlikely.  Lacking  are  cobbles,  bmildera,  facetted  and  striated 
pebbles,  glacial  pavements,  and  other  evidence  of  glacial  origin.  The 
conglomerates  are  perhaps  best  intei>preted  as  rapidly  deposited  alluvial 
gravsls  which  invaded  the  environment  of  sand  deposition. 

The  Attlkamagen  formation  is  the  only  known  source  for  the  chert 
and  slate  fragsunts  in  the  conglomerates,  and  the  Seward  formation  is  the 
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Slza  histograias  for  two  Marion  Lake  conglomerates, 
showing  the  efltiatated  Toltuoe  percent  distribution. 
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PLATK  5 
Marion  Lake  con^lomerats 

A.  PoliaLtd  iiirfsca   of  t7:iit  1  ooryjlowjratt 
•howiiig  Abuadaual  i)«bbXe8  of  c^-aartsit*'  (vhitf»  Ein4  ll^t 
cray)  aud  chert  (dark  gray  und  l)lack),  Z1.5* 

B.  Polished  turfaoe  of  Unit  8  conglomerate. 
Pel)bles  of  qTiartzite  and  chert  (dark  gray),  XI. 5« 


pro'b&'ble  oriTce  cf  the  ctiarfcsit©  fri.rm*»?t;c.     An  vnconfornlty  et  the  base 
of  the  Kejricn  I/eke  forr*-iion  Ir.  thrirstoTe  inferred,  although  thn  contact 
In  not  eipoeed  lu  the  Kax"-*i'*'r»«     l^ecfiver   toiae  corglome rates  ocrnr  In  the 
uppflr  pert  of  the  ftfcrion  J,&ke  formation,   the  eoiirce  rodre  ttutt  have  either 
occupied  an  amp   of  r.on-dP;r>OBitloii  diiririg  Marion  Lake  times,   or  have  teen 
re-e;<:>M>t'ed  i\q  a  rei^ult  of  iocel  n^lift  and  erosion. 

Silt 6 tone 

I'escrirti"!! 

Hhythmically  bedded  siltstones  compose  approximately  70  percent 
of  the  Marion  Lake  formation.  The  rhythmic  sedimentation  unit,  or  coup- 
let, consists  of  a  basal  silt-rich  siliceous  layer  and  an  upper  micaceous 
layer  in  which  clay-sige  particles  predominate.  Boundaries  "between  coup- 
lets are  sharp,  but  contacts  between  the  coarse-grained  siliceous  and 
fine-grained  micaceous  layers  of  individual  couplets  are  generally  grada- 
tional.  The  gradation  in  size  and  composition  commonly  cannot  be  seen 
on  fresh  or  weathered  surfaces  of  hand  specimens,  but  is  easily  recog- 
nized in  thin  section  and  on  polished  surfaces  cut  perpendicular  to  the 
bedding.  In  the  upper  portion  of  Unit  2,  however,  where  the  silty  layers 
have  weathered  cream  to  white  and  the  finer-grained  layers  have  weathered 
drab  greenish  gray  to  black,  the  grading  is  quite  prominent  in  outcrops 
(Plate  6iA). 

The  silt-rich  layers  i-ira   0.5  ^■■'^   10  cm  thick  and  all  clay-rich 
layers  are  less  than  1  cm  thick.  Variations  in  the  thicknesses  of  kZ 
successive  couplets  are  illustrated  in  Fig.  5A..  The  total  thicknesses 
of  these  beds  vera  grouped  in  clafiaao,  -ind  the  o^imulated  frnqiienoiaa  in 
each  class  wars  plotted  an  logarithQic  probability  paper.  The  distribu- 
tion is  log  normal  (fig.  5B}* 


Thiekneee  data  for  frad^^d  beds  in  Unit  2  of  the 
Marion  Lake  formation. 

A.  Thicknesses  of  the  silicaous  and  uicaceoua 
layers  of  ^  sucoeseive  bipartite  beds.  Oldest  couplot  to 
the  left. 

B.  Cuimilated  frequency  distribution  of  the  kZ 
total  thicknesses,  plotted  on  a  logarithmic  probability 
chart. 
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PUT£  6 
Btaythfflioally  bedded  Marion  I^ake  glltttone 

A*     Outcrop  ahowic^  slt-arnation  of  IL^ht  «llt7 
leysre  and  dark  arelllaceout  layers. 

B.     Hat.d  {tf.«claieri  showing  graded  boddlng  and  tit.9 
latinatlon  vitl'lc  the  graded  bedE.     Top  of  r.peclmea  Is  to 
the  rl^t. 
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Moat  of  tha  graded  V-ds  are  f:.a-3ly  laa^natod  (Plate  SB).     Tho 
lamlnattoa^,  which  a/'e  ta'b'ular  amS  let')  tl»n  1   ja  thick,  ?.ro  qo'ajnoQl^ 
piirsiHel  to  tha  bo-in("!arlca  of  the  "b«d  la  vfhlch  thrj  o<5c'ur,   bnt  l;a  soa«i 
flllty  layer*!,    thfjy  ?om  -ylnaar  oroaa-otratlfled  •uuiit..    (Plato  7A).     Many 
lanlnatioxu  are  graded  In  the   siarac  way  as  ara  tlie  "biida  la  whioh  thoy 
ocsur. 

Tho  l&rgest  quarts  gralnu  la  the  slltstonee,  which  occtur  at 
the  teiea  of  the   u«da,  have  r»xi;nia  diaHeters  of  0.05  *o  0.3  miei,  but  the 
Rver&gQ  ^rain  siae  is  less  than  0.05  iua.     Grain  si38  diminishes  towsirds 
th*  tops  of  the  beds;   few  grains  ia  th*  upper  layerc  exceed  0.01  fim  in 
diaaetsr.     'She  qxiart?.  grainy  are  ';q\i5i.nt  and  anhanfjxilar  to  aa^alar,   and 
aoat  of  thoa  are  slightly  strained,     Freah,    3harx)ly-twinned  albite  is 
present  in  all  the  siltJiones,   and  oociira   In  seniu'S  of  the  aaraa  abapa 
and  aise  as  the  q-osrts.     Detrital  oTitiiiiea  ar»)  visihla  in  aomo  larg-^r 
q.uarts  and  plagioalasa  grains, 

Tha  niicacaous  ainerala,   imiBOovifco  and    ihlorlfco,    sre  interatl- 
tial  to  the  q-jarta  end  al'oito  in  tho  coar^e-gmlnod  lajJ'arB  and  aro  the 
prado/ainant  ainoralo  in  the  f iae-graiiied  labors.     A  fow  flakos?  of  rroaoo- 
vita  aro  prohahly  dtitrltal,   hncause   the/  ahow  a  fjiaa  gradation  (jorr-J- 
Bponiing  to  thn   alsj^  grixdation  of  ailt  rartioloe,     Howayar,   moat  of  the 
muocoTTlta  and  chlorite  doos  not  ahow  thits  Tariation,  and  prohahly 
reprenent  rncryatnlli-'fld  clay  .-sinoral?, 

Liaonite  is  comnon  In  the  siltstonea  as  patches,  up  to  1  mm  in 
diaoeter,   diaparsed  throiigh  the  eilty  layers,   snd  as  surface  stains  along 
fraobure?  tind  cleaimge  aurfacaa.     The  limonitlo  patchaa  apparently  repre- 
sent weathered  pyrite  graina,    because  pyritic  coreB  are  present  in  aoae 
of  the  patches,   and  euhedral  pyrite  of  probable  authigenic  origin  is 


PIATE  7 
pholioaiei'ogz^iphB  of  Marion  L&ke  •ilt0wou« 

A.  7M&  section  of  rbytaaice-llj  bedded  silt- 
tftoue.     Sots  oroaa-atra'wirio&tion  in  tM.ckeat  layer. 
Ordinar/  light,  XIO. 

B.  Authieenic  pTTite  (tl^ok)   in  eiltstone. 
Note  trunca«ic;n  of   ueddixi^  by   the  boLaaral  p/rit«  craine, 
ordinazy  light,  Z50. 
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present  in  unweathered  epectmene  of  the  eiltstones  (Plcte  7B).  Detrital 
aircons,  leae  then  0.1  mm  in  dieceter,  were  seen  in  &11  thin  sections  of 
eiltetones,  and  eiihedral  rods  of  pleochroic  tjmish-green  tourmsllne,  ee 
Buch  as  0.2  mm  long,  are  attmdant  in  some  specifljene.  Most  of  the  tourma- 
line crystals  have  roimded  detrital  cores.  Carbon  is  disseminated  through 
the  dark,  fine-grained  layers  of  the  Unit  2  siltEtones.  Apatite,  magne- 
tite, and  epidote  are  visible  in  some  siltetone  thin  sections. 

Modal  oomposltions  of  the  silt-rich  layers  In  the  rhythmically- 
bedded  siltetones  are  shown  in  Table  7*  Components  of  the  micaceous 
layers  cannot  ba  readily  distinguished.  She  chemical  composition  of  a 
representative  siltstone  sample  is  shown  in  Table  8.  The  normative  compo- 
sition of  the  sample,  calculated  in  terms  of  the  minei>alB  identified  in 
thin  section  is; 

Qviartz      28.2  Sphene      O.k 

Albite      23.2  Illmenite    0.9 

l-fusoovite    35.4  Iron  Oxides  1.7 

Comparison  of  this  data  with  the  modal  analyses  of  the  coarse- 
grained layers,  (Table  7).  indicates  that  the  irresolvable  fine-grained 
layers,  which  compose  about  one-third  of  the  rhythmically  bedded  silt- 
stones,  must  consist  almost  entirely  of  muAcovlte  and  chlorite. 


IABI£  7 


Model 

Cciiiposition  of  Some  Marion  L&ke  Siltsioues 


(Modal  Analyses  based  on  600  Counts) 


• 

o 

o 

fa 

a 

s 

•H 

a 

^ 

o 

5 

e 

o 

•H 

••» 

g 

u 

rH 

s 

H 

o 

> 

•v4 

3 

d 

1 

^ 

4» 

•H 

o 

^1 

o 

o 

o 

+3 

U 

t|£ 

o 

o 

^ 

& 

o 

J< 

f. 

I 

^ 

5 

3 

S 

& 

t4 

;3 
o 

Vi 

C3 

Of 

Pa 

S 

o 

o 

N 

&• 

57-13U 

2 

34 

27 

30 

6 

* 

3 

* 

« 

57-13^A 

2 

^5 

23 

12 

16 

/f 

W 

m 

57-5QA 

U 

37 

15 

36 

9 

— 

2 

* 

* 

57-50C 

4 

38 

17 

32 

10 

» 

3 

* 

0.6 

57-53A 

7 

k8 

12 

:>4 

1^ 

2 

* 

1.8 

57-1^7A 

8 

i^l 

22 

23 

11 

2 

1 

* 

* 

•Less  than  0.5  percent. 


29 


TABij:  8 


Chemical  Conposltlon  of  a  Rhythmically  Bedded  Siltstone*  from  the 

Marlon  I^e  Jormatlon 


SlOg 

61,7 

T102 

0.7 

A1203 

19.7 

7e203 

1.7 

leO 

2.80 

HnO 

0.0 

MgO 

2.0 

CaO 

0.2 

Ba^O 

2.7 

IgO 

k.l 

V 

2.89 

P2O3 

0.0 

CO2 

0.04 

Total     98.5 

♦Saiople  57-13  lA. 
Analyst:  K.   Hoops,  Creol.  Surr.  Canada 

Origin  and  Deposltlonal  Environaent 

The  common  occtirrence  of  cross-bedding  in  the  Marlon  Lake  silt- 
stones  Indicates  some  current  action,  tut  the  excellent  preser-ratlon  of 
delicate  laminations  and  graded  bedding  precludes  the  possibility  of 
deposition  above  wave  base.  The  environment  of  deposition  must  therefore 
have  been  one  of  relatively  tranquil  water.  However,  the  slltstones  are 
interbedded  with  sandstones  and  conglomerates  which  apparently  were 
deposited  in  shallow  water  and  auba^^rial  environmHnts.   It  Is  therefore 
unlikely  that  the  slltstones  were  deposited  at  great  depth,  as  this  would 
require  extensive  UTwarping  and  downwarping  d\iring  a  geologically  short 
period.  Deposition  immediately  below  wave-base  is  therefore  postulated 
for  the  Marion  X^ake  slltstones,  as  this  would  necessitate  the  least  tec- 
tonic activity  at  the  site  of  deposition,  or,  in  the  case  of  eustatic 
change  in  sea  level,  no  tectonic  activity. 
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The  graded  beds  of  the  Karlon  Lake  eiltctonec  reaerable  in  nmoy 
ways  tho  varvee  of  Pleistocene  depceit*  (De  Geer,  1912;  Eatiramo,  1923), 
but  they  do  not  show  any  e-vidence  of  gliiciel  origin,  such  aa  associ?\tion 
with  tillltes  or  presence  of  rafted  peh'blas.  The  graded  beds  cay,  bow- 
ever,  have  fonned  in  the  same  way  as  glacial  varves,  in  response  to 
annual  c3imatic  change.  The  abundsnce  of  nicrograded  laminations  within 
the  graded  beds  precludes  the  potsibility  that  the  couplete  repreeent  a 
single  event,  as  do  graded  bees  cf  grayvioke  deposits  (Kuenen  and  Hig]ir.rini, 
1950).  Any  hypotheais  of  origin  must  account  for  the  sub-graded  laEiria- 
tiona  within  the  graded  couplets.  Clinatic  control  ia,  perhaps,  the  liost 
lilrely  expl&n<3.tiQn,  becauue  the  gradeu  couplet-::  can  then  be  ai;triDute<i.  to 
tho  annual  elliptic  cycle  ,  and  the  aicrogrcded  laminations  to  lalnor 
fluctuations  in  sedimentation. 

Pettijohn  (1936t  p.  6ZJ)   deiicribe^  "varve-lik*;  couplets"  in  the 
Abram  series  of  northwestern  Ontario  as  follows;  "The  lower  half  of  e«.ch 
(couplet)  is  a  white-wee t'aering  siltncone  0::"  fine  grain,  which  grades 
upward  to  a  dark,  v^ry  fi.io-grainod  slats.  The  two  bal-/es  of  each  coiiplet 
are  approzi^mtsly  of  the  laos  thickness,  thoxigh  in  tbo  ^ihlclror  layers  the 
coarse  silt  portion,  oftaa  sandy  in  the  thiokast  layers,  is  predominant." 
PottijDhn  notes  that  the  silty  layers  are  comnonly  finely  laaiaatod,  and 
that  the  av^rnge  thickness  for  the  couplets  is  two  to  tliree  onntim  ters. 
Ee  discusses  (p.  62'4)  the  possibility  of  seasonal  origin,  and  concludes: 
"the  sedimentation  was  cyclical,  and,  as  the  resemblance  to  known  annual 
deposits  of  Pleistocene  a£e  is  so  striking,  a  seasonal  character  is  most 
probable." 

SiBOnen  and  Kouvo  (1951)  report  abundant  "varved  schists"  in 
the  Bothnian  rocks  of  southwestern  Finland.  Some  varves  are  as  much  ae 
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2  meters   thick,    but  in  e/bout  one-half  the  exposures,    the   couplets  average 
lees  than  0.8  cm  thick.     Fop  the  thin-bedded  "vr^rred  schists"   they  report 
(p.  96) J   "The  fine-grained,   light  colored  ailtgtoa©  grEdes  upward  into 
the  dark-colored,   rery  fine-grained  slate,   and  the  demarkation  between 
the  siltstone  and  the  slate  (at  the  top  of  the  slate)   is  usually  sharp". 
Simonen  and  Kouvo  note  the  similarity  of  the  Finnish  graded  beds  and 
Pleistocene  glacial  vanres,  and  they  conclude  that  the  couplets  in  the 
Bothnian     rocks  are  annual  deposits. 

Belyea  and  Scott  (I935t  p.   225-239)  describe  "rhythmical  band- 
ing" in  the  1500-foot  thick  Halifax  formation  of  Sova  Scotia,  as  an 
alternation  of  gray  qiMirtzite  beds  and  darker  slate*.     They  state  (p.   228): 
"The  typical  quart? Ite  beds  are  coroposed  of  small  Irregularly  8haT>ed  cryst- 
als of  (i.iartz,   which  r-ingo   in  di«ifl'iter  frca  an  average  of  0.04  mm  in  some 
beds  to  0.10  mm  in  other  beds.     These  crystals  are  held  together  by  a 
fine  aericitic  cement  which  aeei-nsto  be  of  the  same  composition  as  the 
groundmass  of  the  slaty  taaaber".     They  »iOte  tliet  the  quartaite  layara  are 
coaaouly  thicker  than  the  alata  layers,  and  that  saall-scala  cross-bedding 
is  abundsn-G  in  iihe  qpartzites.     Thoy  conciuded  (p.  238)   that  the  "sedl- 
reent:3  were  Isld  down  in  a  brofid  slialluw  geosyucline.     The  matarial  was 
brotjght  down  by  rivers  and  dopooited  at  a  considerable  distaaae  from 
»hore.     The  "b-andiug  was  causod  by  the  seasonal  variation  In  tlw  size  of 
grains  of  dtitritus  deposited   ...    it  wag  act^d  on  l»y  waYe«  and  currents, 
developing  a  c^irrent  ripple  tyije  of  cross-bedding.     The  uniformity  of 
condition  wae  naalntained  by  a  graduj  1  sinking  of  the  sea  floor". 

Collins  (1925,   p.  42)   describes  the  "arglllite  facies"  at  tha 
base  of  th«  Hle?lasagi  quf.rtzlte  t-s  follows:    "The  arglllite  is  regulr-riy 
laminated  in  layers  from  I/I6-  <;o  l/2-inch  thick.     The  upper  and  lower 
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parts  of  eeioh  layer  ws  ellghtly  ciffer*nt  In  color,  clvlng  the  fonsatlon 
a  finely  le-mlnEted  »pp«ariince, 

"Under  ths  Liicroscore  it  s-py-^-ars  ae  en  fxtreaely  fine-grained 
ftggregste  cf  colorlses  asica  shreds  and  qijiarti;  particles   ...   Its  banc'lng 
appears  to  "be  due  not  only  to  the  vary  fire  stretlflcatlon  but  eleo  to 
the  fact  that  each  lanlns.  bccosiee  crogr^selvely  finer  grained  and  more 
argillltic  in  compositlcn  from  bottom  to  top.     The  lover  thrcc-fcurths 
or  CO  of  each  lanina  carries  a  perceptible  percent&fce  of  caartz  particles 
embedded  in  the  paste  of  secondary  does,    etc.,  and  the  tipjier  pert  is 
apparently  wholly  of  this  argillltic  pastt.      ...  In  como  ianinae  the 
change  from  bottcn  to  top  l«  gradual;   In  othere,  ebnipt  enough  to  e^ve 
the  appciaranct  uf  two  dletinct  pei*ts.     Cccaslonsl  qv^rte  graine  O.O5  im 
acrotss  e.re  sccttored  here  and  there  t/JPcti^h  the  lower  part  of  the  coareer 
laninae,   b\it  £.e  a  rule  they  are  not  orer  0.01  mra.     Tlie  arelllitlc  siaterl- 
alB  are  etill  finer  grcinod". 

The  rockE  deecrilied  above  clofxly  r»)'f=mliie  the  I-fei.rl^:n  L^Jce 
silt3toi\€fc!  in  rhovii-sg  rh;'"thniic  gr^deA  bedding  of  approsrirsatrl;'-  tho  sara«i 
ecr1»^,  r-nd  they  exhibit  s^niilp.r  niin^rftloei*'  and  grain  site.     Wi«  striking 
r«")S^nbl^rice  to  glr.clal  vf-rves  ^u^b  'bftpu  acted  by  the  anxuleute  of  thefie 
rocks,  and  they  6.11  l*-,vfi  ^ostAilated  sotenn/vl  V}:.rii.tir.n  in  cllnr-te  ae  the 
control  for  copoBltion  of  owch  TtyeVra,     Seaeo?*!  coritrol  ie  also  here  af  to- 
cated  for   jhe  gi-jMled  bedding  in  the  I'Sirion  Lt'kB  siitetcn^B.     Eie  'nypo-'.h- 
eeie  is  supported  by  the  occmrfince  withia  the  graded  bedH  of  micrograded 
laainations,  which  pi-obably  z-eflect  alaor  fliictuatione  in  eediiaeutation 
during  the  aajor  armxa&l  cliiaatle  cycle. 

Sa-oreEO  (1923),    in  a  st'udy  of  Pleistocene  VErv&e   In  Finland, 
found  ciey  aad  silt  fiustious  to  be  inti-'sataly  mlsed  (eyjamiot)  in  imrXxM 
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▼Rrvfl«,  and  separated  (dletactic)  in  fresh-wstor  varTes.  He  aUri'auted 
symmictiB  to  tha  electrolytic  effect,  of  sea  wetor.  He  reraarked,  howerer, 
(p.  9^)  that  coa^latlon  can  be  retprded  or  prevented  "by  protective  col- 
loids, that  the  r».te  of  flocculation  Is  a  function  of  the  moiuber  of 
particles  per  unit  volume,  end  that  the  nature  of  the  electrolytes  may 
greatly  affect  the  prooeas. 

The  symmictio  tezttire  doee  not  imply  a  lack  of  grsin  gradation, 
Sau2»mo  states  (p.  82):  "The  eymmlxiB  is  of  a  variahle  degree.  The  hand 
of  coarser  material  ...  B»y  h?  thicVer  or  thinner  and  constitute  a  larger 
or  saialler  part  of  the  whole.   The  arrangeiaent  of  grain  in  that  part  is 
the  same  as  in  a  die  tactic  varve". 

Silty  layers  of  the  Marion  Lake  banded  eiltstones  contain  as 
much  as  ^5  percent  micaceous  minerals,  representing  recrystallized  clay 
ninerals.  The  layers  are  therefore  a^fuaiot,  and  a  oarine  environment  of 
deposition  is  suggested. 

Eeco  Formation 

The  name,  leco  formation,  is  here  proposed  for  the  sequence  of 
metavolcanic  rocks  situated  stratigraphioally  above  the  Marion  Lake 
formation  (Table  1).  The  type  locality  is  on  the  southwest  shore  of  Keco 
Lake. 

Descri-ption 

The  Keco  comprises  numerous,  very  fine-grained,  pale  greenish 
gray,  rusty-  to  gray-weathering  flows.  Pillows,  1  to  5  feet  long  and 
rimmed  by  chloritic  selvages  0.5  to  1  inch  thick,  occur  in  about  20  per- 
cent of  the  Keco  outcrops.  Because  mny  of  the  pillows  are  balloon- 


shaped  (Shrock,  19^,  p.  36/1),  the  tipper  «ldes<  of  fli->we  can  eonanonly  be 
determined.  Glacially  polished  sxirfaces  show  excellent  pillow  croas- 
sections,  bit  in  most  outcrops,  oross-s^ctions  suiteble  for  to-o  determin- 
etions  ere  foTJnd  only  b^v-  extensive  stripping  of  .tiobs  cover.  All  attitude 
determinations  indicate  conforoability  with  the  overlying  end  underlying 
sedimentary  roeka. 

The  upper  portions  of  the  steeply-dipping  flows  we^^ther  deeply, 
forming  valleys  which  appear  as  prominent  lineaments  on  aerial  photo- 
graphs, parallelism  of  the  lineaments  indicates  that  the  flows  are 
fairly  xmiform  in  thickness.  Some  flows  are  po8sil)ly  as  much  as  6OO 
feet  thick,  h''at  most  of  them  are  less  than  100  feet  thick. 

Shin  sections  of  Keco  rocks  show  abundant  aciotdar  feldspar 
laths,  as  much  as  I  mm  long,  Init  less  than  0.1  mm  thick,  randoaly  orient- 
ed In  a  very  fine-grained  felted  grotindiDaBS.  Because  such  delicate 
feldspars  would  be  best  preserved  in  an  originally  glassy  groundmass,  the 
prioary  texture  was  probably  Intersertal  or  hyalopilltio. 

ComTiosltion  and  Origin 

Alblte  and  cllnozoisite  replace  orlgir^l  calcic  feldspar. 
Chlorite,  actinolite,  and  clinozc  site  form  the  fine-grained  i-jroundmess, 
end  probably  replace  volcanic  glass.  Small  amounts  of  sphene,  magnetite, 
ilraenite,  leucoxene,  carbonate,  quartz  and  sulphide  minerals  are  invari- 
ably present. 

Accurate  codal  analyses  cannot  be  made  because  the  matrix 
alnerals  are  very  fine-grained  and  intimately  intergrown.   In  ftible  9» 
the  chemical  cotaposltlon  of  a  representative  Eeco  sample  Is  conpared  with 
the  chemical  compositions  of  tyjjical  basalts  and  andesites  (llodcolds,  195^i 
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Compared  vlth  AroTB-ge  Obemloal  Compositions  of  Yoleenic  Bock  Type* 
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1 

2 

3 

k 

5 

6 

7 

8 

S102 

U9.6 

50.83 

47.90 

45.78 

43.69 

51.33 

51.43 

47.63 

TiOg 

1.0 

2.03 

1.65 

2.63 

2.12 

1.10 

2.60 

2.8^ 

AI2O3 

15.7 

1^.07 

11.84 

14.64 

9.06 

18.04 

13.05 

14.57 

7*^03 

0.5 

2.88 

2.32 

3.16 

3.46 

3.40 

3.36 

3.97 

7«0 

10.19 

9.06 

9.80 

8.73 

9.43 

5.70 

9.74 

7.83 

MnO 

0.2 

0.18 

0.15 

0.20 

0.16 

0.16 

0.19 

0.18 

M«0 

7.4 

6.34 

14.07 

9.39 

19.68 

6.01 

5.28 

7.25 

CaO 

8.7 

10.42 

9.29 

10.74 

9.18 

10.07 

8.78 

9.48 

3.6 

2.23 

1.66 

2.63 

1.49 

2.76 

3.18 

3.75 

V 

0.1 

0.82 

0.54 

0.95 

0.69 

0.82 

1.04 

1.20 

V 

3. 18 

0.91 

0.59 

0.76 

0.74 

0.45 

0.87 

0.78 

P205 

0.0 

0.23 

0.19 

0.39 

0.30 

0.16 

0.48 

0.52 

C02 

0.16 

1.  Eeoo  metavoloanic  sample .  57--27A.  (Asalyst:  &.  Bender,  Oeol.  Surv. 

Canada) 

2.  HoriMl  tholeiite  (137). 

3.  Tholoiltlc  olivine  Iwiaalt  (28), 

4.  Alkali  laasalt  (96). 

5.  Alkali-olivine  basalt  (31). 

6.  "Central  basalt  (56). 

7.  Tholeiitlc  (basaltic)  andeaite  (26). 

8.  Alkali  andeaite  (37). 


Avsrag.?  compoaltioag,   baaed 
on  nuBber  of  analyses  shovn 
in  xareniihaaaa;  llockolds, 
1954 
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p.  1019-1020).  The  Koco  sample  has  low  potash  and  titania  contentB,  as 
do  most  of  the  basalt  types,  aoud  the  silica  content  is  sifflilar  to  that 
of  the  normal  tholeilte.  However,  in  lime  and  soda  contents,  the  sample 
closely  approximates  the  tholeiitic  (basaltic)  azulesite.  The  overall 
chemical  composition  sii^ests  that  the  original  lava  was  intermediate  in 
composition  between  a  tholeiitic  basalt  and  basaltic  andesite.  Chemical 
coa^OBition  may  have  changed  somewhat  as  a  result  of  oetasomatisa  during 
metamorphism,  but  because  of  the  dose  approach  to  basaltic  coi^osition, 
the  most  important  change  was  probably  addition  of  water. 

Renault  formation 

The  well-exposed  Senault  foirmation  consists  almost  entirely  of 
dolomite  and  siliceous  dolomite.  A  thin  layer  of  black  slate,  which 
crops  out  at  two  places  on  the  east  shore  of  Eeco  Lake,  possibly  is  the 
basal  member  of  the  formation. 

Most  of  the  rocks  are  very  fine  grained  and  would  be  classified, 
according  to  the  system  of  Folk  (I959)t  as  dolomicrites.  Primary  sedi- 
mentary structures  are  abvmdant  and  amazingly  well-preserved.  They  can 
best  be  seen  on  weathered  siirfaces  or  polished  surfaces  which  have  been 
etched  with  dilute  hydrochloric  acid.  The  specimens  etch  well,  not  be- 
cause of  the  presence  of  caloite,  bat  because  of  grain-size  differences 
related  to  the  structures. 

Distribution  of  lithologies 

The  following  rock  types  are  recognized  in  the  Senault  forma- 
tion: finely  laminated  siliceous  dolomite,  massive  dolomite,  intraforma- 
tiooal  conglomerate,  and  stromatolitic  dolomite.  To  determine  the 


Fig.    6 

Locations  of  the  geologic  goetions  Ba^Pttred  in  the 
Denault  formation. 
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distribution  »nd  relative  abundance  of  those  rock  types,  five  Bections 
were  mesaured  and  studied  In  detail  (yig.  6).  On  the  haBis  of  the 
detailed  work,  the  Denatdt  was  differentiated  Into  19  lithologic  units, 
fiiost  of  which  are  laterally  pereietent  within  the  nap-area.  Section 
descriptions,  accompanied  by  the  measured  thickness  and  percentage  expo- 
sure for  each  unit,  are  tabulated  in  Appendix  C,  and  the  data  are 
siiffiiaarized  in  a  stratigraphic  cross-Bection  (pocket  at  back).  The  top 
of  Unit  17  is  used  as  a  horizontal  datum,  because  this  unit  can  be  readily 
recognized  in  all  of  the  measured  sections. 

The  loeaeured  section  data  indicate  the  following  distribution 
of  lithologies  In  the  Denault: 

Lithology  percent* 
Finely  laminated  dolomite  30 

Massive  dolomite  1k$ 

Stromatolltlo  dolomite  i^ 

Intraformational  conglomerate  5 

Total  100 

*Average  for  exposed  rock  in  the  5  measured  sections. 

Finely  X>aminated  Siliceous  Dolomite 

pescri-ption 

Finely  laminated  siliceoua  dolonlteB,  characterized  hy  tabular 
beds  0.5  to  10  mm  thick,  compose  approximately  30  percent  of  the  Denault 
formation.  Fresh  exirfaces  are  cream  to  light  gray,  and  weathered  siirfaces 
orange  to  yellowish  brown.  The  siliceous  doloiaites  are  even  textured, 


38 


fliiiJly  cryetclliJifc,  ax^c  bieaJ:-  wiili  a  ssoootia  conchoiaai  fracture.     I'abular 
lamlu^ticna  are  rccuii^  ^pparoat  in  outcropb,   because  seleciiTe  weathering 
has  produced  prsciiicct  ribbbd  gu2f&ca&  (x-li»i.e  bAj,     Ihin  sections  and 
etched,   hoxied  siu'f&cee   ahov  liis,t  w&Ky  ox    th&  laiuinatlons  are  graaea,   and 
that  zcme  of  the  thicker,   &ilt/  beds  are  croiib~btratii'led  (plaie  8B). 
fhe  croes-atratif lad  units  &nd  basal  portions  of  the  graded  lamlDations 
centals.  S.Z  much  -^3  50  pzracat  qu&rtz  grains  0*5  to  0.1  tm  in  diasieter. 
The  grain  size  and  q'^jA^iz  jontunt  decrease  gradually  towards  tne  tops  of 
the  graded  Lijai.2£itiou»;    in  the  upper  one-third,    the  grains  are  less  than 
0.01  am  in  di&aeter  and  the  qxtartz  content  is  less  than  15  percent. 

The  quartz  grains  are  rounded  to   subangular,   and  some  exhibit 
detrit&l  outliiies  within  overgrowth  rius.     Silt-sized  grains  of  plagio- 
olage,  blotite,  and  siusao'7ita  can  be  seen  in  most  Xarainated  dolomite  thin 
tisotions.     2iruon,    toumisiiine ,    vyrita,  and  leucoxeue  are  common  accessory 
minerala  which  occur  &3  detrital  grains  less  than  0.01  mm  in  diameter. 
Traces  of  fine  yellcvi ah- brown  iron  oxides,   probably  derived  from  the 
dolomite  as  a  result  of  woathoring,  &to  dispersed  tlirough  uiost  specimens. 
The  dolomite  is,  p&le  yellow  to  colorieas,   aostxy  untwinned,  and  occurs  in 
subhedral,    subspliericbl  grt-ins  identical  in  size  tu  the  terrigenous  silt 
with  which  it  is  associated.     Grain  gradation  of  the  dolomite  corresponds 
to  grain  gradatiuu  cf  the  clc&rl}-  detrital  bilicates,  and  is  ox  the  nor- 
Eial,  waning  current  type  (Pettijohn,   1957,  p.   171). 

Crose-bedding  and  gr&ded  b&dding  indicate  detrital  origin  for 
the  firiSly  lar.Siiated  Denault  beds.     Th«  fine  grain  site  and  preservation 
ef  l&min&tion  su^gtit  a^pcsition  in  r&latively  quiet  water.     Brosion  of 


PUTE  8 
Finely  lamiUBted  sllioeous  Bcoault  dolomite 

A.  Outcrop  of  laminated  siliceous  dolomite  shov- 
ing ribbed  weathered  surface. 

B.  Polished  sTirface  of  laminated  siliceous  dolo- 
Bite  showing  graded  bed*  (bottoa)  and  cross- lamlQa ted  unit 
(top). 
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pro-©:!clBtlng  formatina-s  067  have  yielded  the  fino  detritus  of  the  3A»!lim- 
t©4  Dpnault  l)eds,  tmt  no  older  dolomlteE  oeonr  in  r^lther  the  Labrador 
Troti^h  or  tb©  baaenent  rockr;.     Dlraot  precipitation  *;lthln  the  'haaliti  of 
sedlBJpatP-tion  is  thereforo  the   like3jr  erurco  of  f,h^  finfi-grain'^cl  dolomite. 
Erosion  and.  conninution  of  older  Dsnault  heda  siay  have  contri'btJted  p.ome 
sodimont  to  Unit  19,  'b'ut  rrach  a  -procesB  cannot  be  InvoVed  for  the  lovrer- 
nost  teds  of  Unit  1,  which  alec  s-r?  finely  laiair^ttf?d.     Pro'bt^'bly  viuch  of 
the  dolooltG   In  the  finely  IsEinatec"  DerAuIt  "bedn  repre^enta  precipitated 
mds  vhich.,  hecf.nee  of  ecsae  transport  prior  to  deposition,  have  formed 
heds  showing-  graded-hedding  and  cross-hedding. 

ttatsBive  Dolomite 

Description 

Fine-  to  rnwdivua-grained  massive  dolomite  coiaposes  approzimateljr 
20  percent  of  the  DeistiUlt  fornttlon.  It  le  toiigh,  light  g;rBy,  dark- 
weathering,  t-nd  hree-ka  with  nn  irregxCer  fracture.  Joints  are  prominent 
secondary  structures,  and  indistinct,  widely-spaced  stratification  can  be 
seen  In  some  outcrops  (Plate  9A).  Beds  of  Intraformational  conglomerate 
oocor  In  several  isessivR  unite.  Veinlf-tn,  len'tflcul^r  pods  and  irregular 
layers  of  quarts  and  cl^lcedony  are  abundant. 

The  massive  dolomite  contains  less  than  10  percent  quartz  and 
only  irsces  of  other  silicate  minerals.  Most  of  the  qviarts  occurs  as 
scattered  anhedral  grains  less  than  0.5  no  in  diameter,  b\xJ,  qtiartz  grains 
as  much  as  1  mm  in  diameter  are  dispersed  through  the  upper  part  of  Unit 
8.  The  larger  qiiartz  grains  commonly  show  well-rounded  detrital  outlines. 
Most  of  the  dolomite  occurs  as  colorless  anhedral  grains,  0.2  to  1.5  Bjm 
In  diameter.   Some  grains  show  rounded  outlines  stiggestiv-  of  clastic 


}iee?.lv«  Deaarlt  Colemlie 

▲.  Ontorop  thovlnf  %re&thered  surfeoe  of 
Ive  dolofflita.  Note  the  two  prominent  Joint  sets  and  lack 
of  offset  along  the  Jclnte.  Trane-versa  eoctlon,  fasjnmer 
handle  parsllelt  ■bi-ddlii^. 

B.  photomiorograph  of  maetlre  dolomite  shov- 
ing granoblastle  texture.  Sote  abundance  of  microetylo- 
lltes.  Ordinary  light ,  X20. 
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origin,  Xnxt   conunonly  they  form  a  granoblastic  moeaic  in  which  the  original 
natiire  of  grain  boiindaries  has  been  obscured  by  solution  along  microstylo- 
litic  seams  (Plate  9B).  In  some  massive  beds,  sand-sized  pellets  composed 
of  rery  fine-grained  dolomite  are  abundant.  The  pellets  are  ellipsoidal 
to  subflpherical,  well  rounded,  and  well  sorted.  Grain  size  of  the  dolo- 
mite cement  is  less  than  0.2  mm  and  that  of  most  pellets  is  less  than 
0*005  iBSt.  Some  pellets  contain  dolomite  rhombohedra,  as  large  as  0.5  om 
in  diameter,  which  have  apparently  grown  at  the  expense  of  the  microcrys- 
talline  dolomite.  All  sta^^es  between  pelletoid  and  granoblastic  dolomite 
can  be  seen  in  thin  section,  indicating  that  the  granoblastic  rocks  are 
recrystallized  dolomite  sands.  The  control  of  recrystallization  is  not 
known,  but  abundance  of  microstylolites  in  the  granoblastic  dolomites 
shows  that  pressure  and  access  of  solutions  probably  were  important 
factors. 

Origin 

The  massive  dolomites  are  clastic,  partly  recrystalllzed,  dolo- 
mite sands.  Good  sorting  of  the  detrital  particles  suggests  deposition 
in  a  turbulent,  shallow  water  environment.  Penecontemporaneous  reworking 
of  cohesive  dolomite  muds,  perhaps  hardened  by  subaerial  exposure,  may 
have  yielded  the  dolomite  sands.  At  least  some  reworking  is  suggested  by 
the  occurrence  of  intraforoational  conglomerates  in  the  massive  units. 
The  dolomite  sand  grains  could  also  have  formed  by  aggregation  and  cement- 
ation of  f ine-gz«ined  muds.  Such  origin  has  been  demonstrated  for  modern 
carbonate  sands  in  the  Bahanas  (Illing,  195^,  p*  26). 
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Stroziatolltic  Dolomite 
Definition  and  Claaslf icatlon 

The  terra  "stromBtollte"  denotes  a  laminated  structure  which  it 
believed  to  record  algal  activity  (Kalkowsky,  1908,  p.  68).  Stromtolites 
are  abundant  in  the  Denault  formation,  and  several  distinctive  types  can 
be  recognized.   "Stromatolitic  dolomite"  here  refers  to  lithologies  in 
which  atronatolites  are  doiainant  etructuree.  problems  of  nomenclature 
did  not  arise  during  meaeuAenent  of  the  Denault  sections,  because  lithol- 
ogies  containing  only  a  few  scattered  stromatolites  are  absent. 

Generic  and  specific  naroes  have  been  applied  to  atromatoliteg 
by  many  authors.  J.  H.  Johnson,  (19'^6,  p.  1089),  justifies  binomial 
classification  on  the  basis  that:  "Different  assemblages  (of  algae)  formed 
colonies  sufficiently  different  to  be  separated  by  megascopic  character- 
istics". However,  recent  studies  of  algal  striictures  In  Florida  (Glnsburg, 
written  communication),  indicate  that  different  forms  can  be  built  by  the 
same  species  or  aasemblages;  environment  is  the  Imr^ortant  control  of  form 
In  many  cases. 

There  are  at  least  nine  stromatolite  types  which  differ  In  gross 
form  and  to  which  generic  names  have  been  applied.  Sl^  of  them  are 
figured  by  Cloud,  (19^2,  p,  36?).  who  states,  (p.  366),  "It  seems  better 
to  describe  the  peculiarities  of  stromatolites  in  the  sarae  manner  that 
one  wo\ild  describe  types  of  chert  or  textural  characters  of  sedimentary 
rocks.  As  a  matter  of  convenience,  it  is  perhaps  well  to  retain  such 
familiar  form  designations  as  cry])tozoon,  gymnosolen,  and  collenla.  These 
...  should  be  used  In  a  vernacular  sense,  without  being  Italicized  or 
capitalized". 
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Icsek  (I957t  r»  ^-3f*)t  i.i  ^lacAfining  etronmtoiites  of  the  Belt 

Series,  stRtes:  "I  hBVo  used  the  najBce  of  fornv-/»eners.  and  foro-s-necies 

vtlih  the  understanding  that  the  claeaif icetion  is  purely  artifical  and 

is  used  as  a  np.tt«r  o.f  convenience.  Kowevep,  I  am  eware  of  the  posoi- 

bility  of  confusing  these  pr-.men   with  the  sames  of  MoloRir  entitles. 

Perhaps  a  noK  method  of  classifying  these  str'j.cturen  should  he  de  -Ised 

...  the  new  nama'^  nhould  not  have  resemblance  to  hlolo/rlo  sanea",  The 

writer  agree?'  with  Kersak's  latter  statement,  hut  «?uei?tions  whether  It 

la  ftdrlselile  to  continrio  the  use  of  biologic  nonenclpture,  >fhile  avmlt- 

ia^,  a?,  fieaak  sugfiestc,  (t.  130),  a  classification  "baaed  on  ...  a 

coicprehimaiTe  ©laiainfition  of  all  V:lr>d9  of  •felp;loid'  structures  from 

all  parta  of  the  foologic  column".  Aecordini^ly,  tentative  non-biologic 

nejvjs  are  u^ed  here  to  denote  the  sir  l».9ic  tynes  of  stromatolites  in 

tho  Dooault  formation  (Fig.  7).  generic  names  assigned  to  similar 

structures  are  parenthesised  in  the  descriptions  which  follow: 

HemisTherioal  stromatolites  (Collenia  Walcott);  consist 
of  successive  hemispherical,  convex-upward  laminations. 
I/»jnlnfs.ti'>ns  'ire  of  unifonn  thiaVnesfl  and  ere  rou»hly 
concentric  with  respect  to  the  center  of  the  basal  stir- 
fa  ce. 

Bulbous  iitrom-itolites  ( Cry^to'ioon  Hall):  these  forns 
are  attached  at  a  point,  and  consist  of  successive  b&l- 
loon-s'ia-ned  laminations  which  are  thicVrest  at  the  top 
and  pinch  out  near  the  base. 

Columnar  stromatolites  (Archaeozoon  Mathew) :  cylindrical 
colutruis  consist  of  sncoe3Riv.3  hfcnls-nhericil,  convex-up- 
ward laminations.  Adjacent  coltunns  are  tightly  packed. 

Digitate  stromatolites  (Gymnosolen  Stelnmann);  consist 
of  dis^jr^te  cylindr5.cal  columns  which  eorroonly  branch 
upwards  into  parallel  columns  of  lesser  diameter. 

Pisolitic  stromatolites  (Pycnostroma  Qurich) ;  individ- 
ual, subspherical,  concentrically  laminated  bodies. 

Undulatory  stromatolites  (Weedla  Walcott);  consist  of 
laterally  continuous  laminations  which  have  irregular 
wavy  boundaries. 


ric  7 

Th«  •!  :  basic  t7pe8  of  etroaatolitas  In  the  Denault  formation. 

A.  HemlS]nherioal  stroaie  tollies  (Collaoia). 

B.  3uIbouB  stroQB.tolice8  (CrTptozoon). 

C.  Columnar  stromatolites  (Arcbaeosoon) . 

D.  Undulatory  stromatolites  (Weedla). 
£.  Digitate  stromatolitee  (Oynnosolen). 
F.  Fisolitic  stromatolites  (pycnostrona}. 


Descrlr-tlon  of  the  D'.m&uXt;  Stroar.i'>.oaitec 

The  measured  tection  data  (Appendix  C)   indicate  that  more  than 
45  percent  of  the  Denault  formation  conelstB  of  atromatolitic  dolomite. 
The  distribution  of  the  stroroatolite  typee  ie  as  follows: 

Tj'^e  Percent=- 

ColuiTin&r,  her;iiej;hi'.rlca.l.  tiiid  Uilooua  strciifltcliics  10 

Eit-ltate  t-trookaoilteo  5 

Uudnlatcry  s-roostitoJiteB  S5 

Flsolitlc  feitror^tol'tet,  5 

Total  k$ 

*'A""'m^ic  fov  five  laeccurnd  crctione. 

Columnar  stroiaBtoliteg  (Plate  10)  occur  in  five  dietinct  zones 
in  the  Denault  formation.  Diameters  of  the  columns  ran^  from  5  to  12 
inches  in  threfi  of  the  loiutft,  and  frox  2  to  5  inches  in  the  other  two 
zones  (see  crose-eection,  pccket  at  hack).  Axes  of  the  oolumns  are  per- 
pendicular to  the  hedding,  and  adjacent  columns  are  attached  to  the  same 
bedding  suz-laoe.  Hamlspherlcal  and  bulhoas  stroiuatolitee  oonmonly  occur 
with  the  coluiam&r  stroioatolites,  and  are  believed  to  merely  rejfesent 
early  growth  stages  of  the  coluiinar  type.  Indeed,  tne  basal  parts  of 
aost  columz>B.r  strouai;olites  exhibit  a  lamination  inceraediate  in  charac- 
ter between  the  hemispherical  and  bulboue  types. 

The  stromatolite  laainatious,  which  c&age   from  1  to  20  mm  in 
thickness,  are  commonly  continuous  through  several  adjacent  columns. 
The  laminated  structure  is  accentuated  by  alternation  of  dark  gray  to 
black  layers  and  light  gray  to  buff  layers  (Plate  12).  Thiu  sections 
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PLATE  10 
Colusinar  atronatolites 

A.  Weathered  Joint  surfaces  ehowlnc  loD«i> 
tudinal  sections  of  oolumnfiir  strooatolites.  Soale 
extended  one  foot. 

B.  Block  of  stromatolitic  dolomite  containing 
two  adjacent  stroiaatolite  colnmns.  Note  alternation  of 
dark  and  light  hemispherical  laainations.   Soale  in  lover 
rij:ht  comer  is  two  inches  long. 
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PUTE  U 
Eealaphsrical  stromatolites 

A*  Veathered  tranflverse  seotion  of  heaispherlo 
oal  atromatollta.  Darker  layers  are  carbooaceoua. 

B.  Etched  longitudinal  section  of  a  hemispheri- 
cal stromatolite.  Note  fragDented  carbonaceous  lamination 
in  central  part. 
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PLATE  12 

piK)tomicroerftph  of  hemi spherical  stromatolite 

Hote  alternation  of  dark,  carljonaceo-as  layers  and 
lest  carbonaceous  layers  which  contain  abundant  quarts  silt 
and  structureless  pellets.  Troncation  of  the  central  layer 
suggests  vieorous  vaTe  action  during  growth.  Ordinary 
light,  X6. 
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show  that  the  dark  layers  are  composed  of  anbedral  grains  of  dolomite 
0.001  to  0.01  ram  In  diaoeter.   Coloration  it  dne  to  less  than  1  percent 
amorphous  carbon  which  is  dispersed  throu/^h  the  layers  as  thin  films 
between  dolomite  grain  boundaries.  Grain  size  in  the  light-colored  lay- 
ers ranges  from  0.01  to  0.05  """•  yragnental  detritus  and  quartz  silt 
are  comaonly  abxindant  in  the  carbon-poor  layers,  but  scarce  in  the  car- 
bonaceous layers.  Some  carbonaceous  layers  are  sharply  truncated  (Plates 
11B«  12)  and  the  interspaces  between  columns  commonly  contain  platy 
carbonaceous  fragments  which  correspond  in  thickness,  texture,  and 
■truct\ire  to  the  dark  stromatolite  layers. 

Digitate  stromatolites  of  the  Senatilt  form  beds  less  than  1 
foot  thick.   In  longitudinal  section,  these  stromatolites  appear  as 
finger-like  columns  1  to  5  bub  la  diameter  and  less  than  2  cm  in  height 
(Plate  13a).  They  exhibit  domical,  convex-upward  laminations,  0.05  to 
1.0  mm  thick,  which  are  marked  by  thin,  crenulate  films  of  carbon.  In 
transverse  section  the  carboxiaceous  films  within  Individual  columns  show 
as  somewhat  irregular  but  concentric  rings.  The  columns  are  sepeurated 
by  interspaces  occupied  by  fine-grained  carbonaceous  dolomite,  which,  in 
places,  exhibits  a  faint  concave-upward  lamination  (Plate  13B).  Frag- 
mental  detritus  and  quarts  silt  are  abundant  in  the  intersj,;:  ces  but  scarce 
In  the  columns.  Grain  size  of  dolomite  in  the  stromatolites  ranges  from 
0.001  to  0.05  mm  and.  In  the  interspaces,  from  0.01  to  0.2  mm.   Successive 
laminations  in  adjacent  stromatolites  show  a  definite  correspondence  in 
thickness  (Plate  1^).  The  stromatolites  are  locally  closely  packed,  but 
In  most  places  they  compose  less  than  half  of  the  bed  in  which  they  occur. 

pisolitic  stromatolites,  5  to  15  n™  in  diameter,  form  1-  to  5- 
foot  thick  beds  In  the  Denault.  The  pisolitic  zones  are  dark  gray  to 


PUTE  13 

Sleltate  stroaatolltei 

A*  Itched  sxactBce   ahowlnf  Btromatolitlo  unit 
oTerlaln  ^  IntrafomatloDEl  eooclomerate.  The  fr&c- 
mente  of  the  ooD£loa)ere.te  are  o<ir'boD&oeou8,  and  probably 
repretent  algae-ralnforced  layers  derived  from  hemispheri- 
cal stromatolites  (See  Plate  12).  Longitudinal  section 

(n). 

B.  Detail  of  the  digitate  stronatolites  shown 
1a  ▲•  Note  upward  hranchlnc  and  conTex-upward  laminations 
of  the  " fingers ",  and  faint  conoare-upward  lamination  of 
the  detrital  matrix.  Longitudinal  section,  scale  in  inches. 
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PUTE  14 

Photofflierogniph  of  digitate  stroaatolltes 

Thla  seotion  showing  detrital  nature  of  the 
interspaoet  between  digitate  stroscitolltes,  and  the  oor- 
reapondence  in  thicknesB  for  successlTe  laminations  in 
adjacent  "fingers".  Ordinary  light,  X8. 
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'ol&<ik   d'oo  to  m,   carbox)  oontcat  of  as  aiuch  ag  1  p<3rc«nt.  The  piaoliuos 
£.re  ooiTposad  of  aiihecral  dolnalte  grt^lns  O.COl  to  0.02  lam  in  diaiaeioi*, 
la?jiaated  "by  concentric  filias  of  car  boa  at  liitorVc.ls  of  0.02  to  1.0  iu>. 
Stractrareless  pelleto,  es  large  ea  10  ati  in  diaiaottT,  are  iuTariably 
associated  with  the  pisoiitf-.e  aad  soiae  of  the  pisolites  coiitain  a  tuiall 
pallet  or  quartz  grain  nucleus.  The  enveloping  lBfflin4..tions  are  somewhat 
crenulat<^,  and  successive  laain&tions  are  coiaiaonly  eocsntrio.  Outor 
ccts  01'  lamin£.tious  tronoate  inner  sets  in  aany  of  the  stroBaatolitos. 
2'8V  of  the  pisolites  are  spherical;  ellipsoidal  to  irregular  '^flower- 
like*  forme  predoiainate  (Flate  15).  In  some  beds,  carbonaceous  pellets 
are  more  abund£.nt  than  the  pieolltic  stroioatolites,  and  fragiuental  piso- 
lites a.rc   comuon  (Plate  16).  In  Boniti  vmitst  digitate  and  pisolitic 
3troiaui.olites  occur  tog-ether  (I'late  17). 

Undulatory  strcoatolites  are  very  abundant  in  the  Conault  for- 
nsctioa.  They  are  recognised  in  the  field  by  the  char&cteriistic  crinkly- 
ribbed  we&thered  surfaces  (Plate  i8A).  Little  can  be  seen  on  fresh 
surfaces,  but  careful  ezaaiaation  of  the  weathered  surfaces  reveals  the 
intricate  structures  which  coupoeo  this  type  of  etrcmatclitic  doloiuite, 
and  polished  surfaces  show  even  more  detail  (Plato  1^) .  The  continuous 
unduif. tory  layers  occur  5  to  20  &o  apart,  and  are  1  to  10  mi.  thick.  Some 
are  atructureicss,  but  most  exhibit  crenulate  lasiination.  The  interven- 
ing parts  are  conaonly  occupied  by  pisolites,  pellets,  fragments,  and 
small  colucnar  stromatolites. 

Origin  of  Stromatolites 

Stromatolites  are  generally  recognized  to  be  related  to  algal 
activity,  but  because  their  organic  origin  has  at  times  been  questioned. 


PUTS  15 
plsolitio  stroaatolites 

A.  Polished  aiirface  of  piaolitlo  stroBRtolltes, 
showing  the  dlTerslty  of  laainated  and  ■truettirelets 
forms.   (Z2). 

B.  Weathered  s\irfaoe  of  plsolitic  stroaatolites. 
Note  abundance  of  itniotureless  pellets  between  the  laain- 
ated bodies.   (X5)> 
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PLATS  16 

Pbotoffllcro graph  of  pieolltic  stronatolltes 

Conoentricall^  laminated  pisolitio  stromatolitee 
and  ttruotureleBe  oar'boiaaceouB  pellet*  cemented  "by  clear, 
crystalline  dolomite.  Hote  fragoental  pisolite  near  center 
of  photoeraph.  (x8) 
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PLATE  18 

Undulatory  stromatolitas 

A.  Differentially  weathered  outcrop  showloc 
tuad'olatory  stromatolites.  Note  Irrejjular  pods  of  milky 
quartz  near  bottom  and  top  of  photograph. 

S.  Polished  surface  showing  dlBcontlnuous 
nature  of  undtilatory  stromatolite  laminations.  Dolomit* 
sray,  csLrhonaceous  dolomite  dark  eray  to  hlaok,  quarts 
and  chalcedony  white,  XI* 5> 
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posslbla  inorganic  ori^'ixiu  will  b«  r&vlbwud.     iuox'gsinic  procd3s&8  which 
hsi7«  besn  proposed  inoludo: 

1.  Mech&uical  dalurzaa-tion  of  ooasolldaked  rock. 

2.  Soxli-sedifiieut  ueforuaiiou. 

3*   Coxicr(:<i.ioDav/  grow.ii. 
^.   luorgaiiic  pi-<icip4.Wiiou. 

1.  Young  (19^3.  P»  9^)  deecribes  rocks  of  the  Dolomite  Series  of  South 
Africa  which  contain  "domical-columnar  structure"  as:  "...  an  assemblage 
of  rocks  whose  members  hare  adjusted  theoselvee  to  compressire  stresses 
in  diverse  manner  according  to  their  individual  characters  and  circum- 
stances, and  that  the  result  has  been  a  shortening  of  the  section  in 
every  direction."  He  also  states  (p.  92):  "Ho  attempt  will  be  made  to 
analyse  the  mechanics  of  any  of  the  deformation  described."  His  argu- 
ment for  mechanical  origin  is  based  mainly  on  the  presence  of  breccia 
zones  between  adjacent  columns.  However,  he  does  not  offer  evidence  to 
show  that  the  "breccias"  are  truly  of  secondary  origin.  Further,  in  two 
figures  shown  by  Youn^,  lamination  is  clearly  continuous  between  the 
columns  (Young,  19^3.  Plate  22,  Fig.  2;  Plate  24,  Fig.  2),  Such  continu- 
ity of  lamination  is  difficult  to  reconcile  with  "mylonitisation  between 
the  eolurans"  (Young,  19^3 <  P*  98)*  Tbe  possibility  of  mechanical  doming 
should  be  considered  for  structures  of  the  columnar  stromatolite  type, 
but  it  cannot  be  invoked  for  the  digitate  and  plsolitic  forms. 

£•  Sebn&iderhchn  (19^1,  p*  ^6^}  siiggectfea  that  subiu&rine  gliaicg  of 
thin  szT2c.dy  layers  could  reeult  in  forms  similar  to  alg&l  structures, 
lairbridge  (19^6)  describee  Bev&zal  &truct\u-£s  which,  aay  form  by  subitarj-ne 
slncp  of  soft,  tmcoxisol  iota  tec  seaiaenwe.  i'he  type  of  ueformaticn  described 
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as  "aoaltne-vax  flow"  (rE-lTuri^g*,  l$'-\6,   p,  37)  coiild  parhaps  glva  riaa 
to  forfflg  similar  to  sbrouatolitee  of  the  undxilatory  type.  Soft-aediaeat 
adJuBtsjent  "betwoan  water-charged  tads  undar  th«  influance  of  aodiaentary 
loading,  and  dlfr^reatlal  co;apicticm  as  a  roR^;!*  of  cc.ipoaitlcaal  iciiOKO' 
g»n?itlo8  arc  otlxar  pcsallila  nodes  of  orlsUi  for  irrasuJlar  l&;flla.»tloji, 

3*  Pisolites  of  'bauxite  depoaita  are  coamonly  asaigned  to  oonoretlosary 
origin  (Gordon  and  Tracey,  1952,  p.  2?) ,  and  piaolltoa  in  limestonea 
have  alao  teen  intex^eted  as  concretions  by  some  vorkera  (Swineford  et 
al.  1958*  p.  115) •  Because  true  concretions  (Pettijohn,  1957.  p.  197) 
are  the  product  of  in  situ,  poat-depositional  accumulation  of  odneral 
matter  around  a  nucleus,  sucoessire  layers  form  concentric  shells  which 
transect  bedding.  Algal  pisolites,  hoveyer,  grow  prior  to  deposition  in 
beds,  and  therefore  cannot  transect  bedding,  further,  because  algal 
pisolites  form  at  the  depositional  interface,  they  are  subject  to  water- 
wear  and  fracture.  Fragmental  pisolites  might  therefore  be  expected  in 
pisolitio  deposits  of  algal  origin.  However,  fragmcntal  pisolites  can 
also  be  expected  in  pisolitlc  deposits  which  form  by  inorganic  accretion 
at  the  depositional  interface. 

'i-.  Iho  tixfa.   doats  of  LuJre  Lahoatoa,  wSxlch  la  gross  form  reseable  the 
liflRlspl-jericsl  t^noes  of  stro3».tollt««,  were  attrilwUJ.  to  cheiaio&i  pipeol- 
plt&tlen  Vj  Russell  (1885,  p.  158).  Wore  rooently,  elgal  origin  for  at 
least  some  of  the  iuhonton  tufas  hss  been  denoastrats^d  (Jones,  1925,  p. 
7) .  Bffllg  noted  thr.  coioraon  associatlosu  of  al^a^  Bn^'?.  tuftt  ( or   trrivuptine) , 
btit,  with  reference  to  the  dGpcsits  in  T«llowstone  pRr>,  steteiT  (1917. 
p.  59):  "...  there  is  no  qiiestion  but  tlsat  travfix'tino  woiiid  be  fonaed 
from  the  hot  mineral  water  even  if  the  plant  life  were  absent.  The 
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Tegetation  in  this  particular  ineta&ce,  liy   its  presence,  act  only  as  a 
passive  agent  in  determining  the  form  and  structure  of  the  deposit.  &nd 
does  not  necessarily  take  an  active  part  in  the  precipitation  of  calcium 
carbonate. " 

A  South  African  occurrence  of  travertine,  aisparentlj  formed  by 
inorganic  precipitation  of  hot  spring  waters,  is  reported  by  Eupferburger 
(1935i  P»  10)  as  showing  •irregular,  wavy,  horiaontal  stratification." 
The  deposit,  which  is  approximately  one  half  nile  in  diameter  and  as  nuch 
as  200  fest  thick,  is  described  as  a  "crater"  which  was  b\iilt  up  by 
evaporation  of  carboaate-rich  water  released  from  a  central  spring. 

Ohle  and  Brown  (195^.  p.  209-210)  described  "fingering"  in 
"snxirly  rock"  of  the  Bonterre  doloaite.  They  at  first  interpreted  the 
"fingers"  as  the  product  of  solution  (195^.  p.  209).  but  in  a  later  i^per 
(Ohle  and  Brown,  195^.  p.  935-936),  they  reinterpreted  the  "fingers"  as 
algal  structTires. 

Caliche,  a  lime-rich  deposit  formed  in  the  soils  of  semiarid 
regions  (Petti John,  1957t  p.  ^10),  commonly  contains  stmctures  which 
resemble  pisolitic  and  undulatory  stromatolites.  Some  structures  in  ca- 
liche lave,  in  fact,  been  attributed  to  algal  activity  (Price,  Elias,  and 
Frye,  1946).  Bretz  and  Horberg,  however  (19^9).  have  convincingly  shown 
that  the  structures  can  be  explained  by  soil-forming  processes  alone. 
Important  features  of  caliche  include  physiographic  rather  than  strati- 
graphic  control,  and  development  of  the  typical  c,  lichs  profile  (Brets 
and  Horberg,  19^9.  Fi«.  2). 
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Origin  of  the  Penault  Stroiaatolltee 

No  inorganic  procesees  can  adequately  account  for  all  of  the 
Penaxtlt  trooatolites.  The  ohTious  evidence  for  pTimnry   origin,  inclu- 
ding tninc&tion  of  lanixiations,  intrafonoational  conglomeratee,  and 
restriction  to  stratigraphic  zones,  eliminates  tha  possibility  of  post- 
consolidation  defortoation.  Soft- sediment  deformation  could  perhaps  give 
rise  to  structtires  of  the  undulatory  strooatolite  t>-p«,  hut  could  not 
produce  the  pisolitic  or  digitate  forms.  Because  true  concretions  are 
secondary  structures,  the  arguments  for  priaary  origin  suffice  to  elimin- 
ate concretionary  origin.  Inorganic  precipitation  alone  can  perhaps  lead 
to  formtion  of  hoth  pisolites  and  deposits  shoving  irregular  lamination, 
hut  tualess  aocoapanied  by  organic  activity,  can  hardly  restilt  in  branched 
or  doBtical  structures.  The  most  compelling  argument  in  favour  of  organic 
origin,  however,  is  the  carbonaceous  natxtre  of  the  stromatolite  sones. 
Purther,  modern  structures  of  etriking  similarity  to  the  Denault  stromato- 
lites are  known  to  be  forming  today  as  a  direct  resxilt  of  algal  activity. 

The  pisolitic,  columnar,  and  digitate  stromatolites  of  the 
Dexia'ttlt  formation  are  interpreted  as  algal  structures.  They  occur  in 
stratigraphically  continuous  zones  which  probably  are  biostromes.  The 
possibility  of  inorganic  origin  for  the  undulatory  stromatolites  is  recog- 
nized, but  intimate  association  with  the  other  stromatolites  strongly 
sxiggests  algal  origin. 

Snvironaent  and  Mode  of  Growth 

Because  stromatolites  occur  in  about  45  percent  of  the  Denault, 
interpretation  of  their  significance  is  of  fundamental  importance.  Modern 
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ai^l  o-np-loguffs  have  1)0631  studiod  and  di38cril)ed  ia  coxisiierab^e  dataiit 
beuoe  coBTparisons  are  poasiMe. 

Bl&cfc  (1933i   p.   169).   fouiid  that  tlgai  sfeiTictiores  with  churao- 
teriefeie  swrphology  form  only  above  low  water  mark,  althoTogh  algae  serve 
to  Mnd  sedimenta  ai;  gr-^ter  dt'plhe  withoui^  prodiicing  any  Intomai 
•  truoture.     Accoirdiije  to  Ging'ourg  (1959»  written  cosmruaication),   diacrate 
Lvtiriated  forns  seidaa  grow  ai;  d^pthfi  greater  tben  15  fseb,     Oloxai  (1942, 
p.  371)  notes  that  'becaas©  algae  nc'ed  light  for  photosyntiiesia,   they 
Bftidom  01131  grew  profxisely  »,'i  depths  gree.ter  thaa  10  m<jtera.     For  tho 
Densult  s1;roBifc'.1jolite8»    the  tisBOciation  with  intraforaationa.!  coagloner- 
ateo,    the  conjnon  ooouz-renea  0*  wave-broken  fend  wave-worn  lamiaations,  and 
tlie  abundttixjo  of  etroioatolitic  detritus  are  strong  evidence  for  lihalio* 
water  cotuiitions. 

Modern  algue  grow  In  arctic  to  tropical  yaters,  ajad  henco  pro- 
riii®  no  definite  evidence  of  environmental  temperature.     However,  as 
pointed  out  by  Gloxid  (19^f2,  p.  3?C),  aigne  seem  ^0  grow  better  iii  warcj 
winter  than  in  cold  water.     The  tburdance  of  stroi3B.tolltca  in  the  Doi^uult 
la  at  least  EUgecstlvo,   then,   of  warisi-water  depocition. 

Modern  clgiPl  structures  are  abundaat  in  both  shallow-oariac  and 
lacust:*ine  ftnvironiients.     They  thrive  in  s«£  water  (GinabMrg,   1955,  p. 
311),   fresh  water  (Black,   1933 1  ?•   169) «  fcod  Lypereallne  water  (Atrdloy, 
1938,  p.   1395).     Cloud  (19^ •2,  p.  5?2)  at  firet  thoiight  that  digitate 
strosmtoliteB  night  indicate  non-marine  origin,   bul    later  (19':5»  p.   I08) 
noted  three  occurrences^  of  digitate  stromatolites  in  marine  strata* 
Aleal  structures  similar  to  stromatolites  of  the  pisolitio  type  grow  In 
modern  fresh  water  environments  (Bradley,   I929,  p.  219;   Clarke,   1900; 
Murray,  1S95J  Hoddy,  1915) »  ^t  Twenhofel  (1919)  and  Sando  (1957i  p.  38) 
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describe  plsolitic  stroioatolltes  in  anoient  sedimentary  rocke  of  known 
marine  origin.  Algae  which  produce  forms  of  the  hemiBpherieal  and  ixndvK 
latory  type  i-re  now  active  in  laarice,  brackish,  aiic:  frash  waters  in  the 
BahatiteB  (Ilaclc,  1933 1  p.  I69).  Cltarly,  then,  no  specif Ic  type  of 
fltrojsatclite  can  be  used  as  a  salinity  indax,  because  all  types  of  algal 
structnree  can  fore  in  both  continental  and  so&rlne  environnient&* 

Algae  can  contribute  tc  carbon&te  deposition  by  active  preoi- 
tction  cf  llus,  but  their  groatcst  ccntribation  appears  to  be  the 
fiaa&tion  cf  sediaientary  particl&s.  Black  (1933,  p.  166)  deaoribed  algal 
Bai£  in  the  B2ha^>.£  which  trap  fine  detritus  swept  in  V  currents. 
OinibtLTg  (195S»  P-  311)  reported  similar  aats  al«n^  ths  3'lorida  co&at, 
and  dsicribftd  an  eagjeriment  in  which  an  algal  culture,  wnea  covered  by  a 
lay«r  of  a'Jdi2H':it  ^:-  am   thick,  grev  through  the  layor  and  ra-eatabliohed 
a  surface  3».t  *ithia  2U   hours.  !the  alternation  of  carbon-rich  and  carUis- 
poor  layers  in  the  Bvsnault  col'u::j:i&r  abroaatclites  is  suggestiva  of 
sedi^aent-trap  origin,  the  carbonaceous  la/srs  rsprsseating  aiga-rlch  lay- 
ers which  forwJd  during  j-^riods  of  oaiaaconcs,  and  the  carbon-poor  iayere 
representing  dotrltus  is^i»ept  in  during  periods  of  turouionoe.  Strong 
support  is  lent  to  thia  isoda  of  origin  by  the  obaorvation  that  doioaite 
fragixients  and  grains  of  quartz  silt  arc  abundant  in  the  oarbun-poor  layers, 
but  aaaroe  in  the  carbon-rich  layers. 

She  pisolitio  and  digitate  ctroaatalites  show  layering  siuilar 
to  that  of  the  columnar  stromatolites,  but  the  layers  contain  only  minor 
fragmental  dolomite  and  quarts  silt.  This  suggests  that  growth  of  the 
plsolitic  and  digitate  stromatolites  oocxurred  mainly  by  direct  precipita^ 
tion  rather  than  by  trapping  of  aedisKiat.  Concwntricially  laiainaled 
bodids  siuilar  to  ths  piaolitic  strouiitolites  of  the  jDenault  are  formed 
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today  ty  lime-precipitating  algae  (Mxurray,  1895;  Clarke,  1900;  Eoddy, 
1915) t  And  modern  algal  structures  analogous  to  the  digitate  strooato- 
lltes  have  been  ehoim  to  grow  in  the  same  way  (Bradley,  1929,  p.  215; 
Pla,  1933,  p.  W). 

The  pisolltlo  strotaatolitee  grew  unattached,  as  indicated  by 
the  complete  envelopment  of  successive  laminations  around  a  nxusleue. 
Truncation  of  laminations  and  the  cosmion  occurrence  of  large  pisolite 
fragments  in  the  matrix  demonstrate  rough  water  conditions.  The  digit- 
ate stromatolites,  however,  exhibit  no  truncation  of  lamiiuitlon,  and 
their  parallel,  upward-branching  habit  demonstrates  growth  from  a  fixed 
base.  Fragmental  detritus  commonly  oocuj.:.ee  Interspaces  between  the 
digitate  stromatolites,  but  It  Is  much  finer  grained  than  detritus 
associated  with  the  pisolitic  stromatolites.  The  digitate  stromatolites 
evidently  developed  in  quieter  waters  than  did  the  pisolitic  stromato- 
lites. Perhaps,  then,  both  types  were  formed  by  the  same  algae,  and  the 
intensity  of  turbxilence  controlled  the  morphology.  Lamination  In  both 
pisolltlo  and  digitate  stronatolltee  Is  marked  "by   thin  carbonaceous 
films  which  exhibit  delicate  orenulate  outline,  suggesting  similarity 
of  origin. 

Undulatory  stromatolites  are  the  most  ab\indant,  but  least 
distinctive  forms  In  the  Deiiault.  Fine  detritus  is  commonly  present  In 
the  Irregular  laminations,  suggesting  that  If  algae  were  active,  they 
were  probably  of  the  sediment-binding  type.  The  common  occurrence  of 
other  stromatolites  In  the  undulatory  zones  Indicates  at  least  some  algal 
activity.  Algal  mat  deposits  currently  forming  on  tidal  flats  in  Florida 
and  the  Bahamas  exhibit  irregular  lamination,  and  Sando  (1957i  p.  35)  has 
interpreted  portions  of  the  Beekoantown  group  in  Maryland  as  xx»8l^lo 
algal  mat  deposits  on  the  basis  of  similar  lamination. 
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Descrir'tlcn 

Bede  of  Intrfcforu&.louei  oongloiaertlie,  as  mucli  as  3  feet  thick, 
coc»poee  about  5  percoiifc  of  the  Deu&Tilt  fcriaatlon,     Acccrding  to  i&icott, 
(lf9^,  p.   192)1   an  Ictrs.i'oi'OBtlciit.l  cciiglcser&te   Is  "formed  withlu  a 
geologic  formetlcu  of  Botteriei  derived  frcnj  aud  depositea  withiii  tb&t 
fornbtion",  and  It  ic  in  this   eenee  th&t  the  tera  is  here  uead.     Some 
Deci-ult  coxiglcmeratss  aepercte   incividuai  hedb  of  stroma toii tee  or  occur 
at  the  tope  of  the   etrocatolitic  zozu^s;   oth6r&  form  bede  a  fev  feet  thick 
in  the  aassive  units* 

The  intrafci-)iLatiaaual  eocglomer&tee  aeeociated  «rith  the  stro- 
DK-tolites  concist   of  tl'dn,   curled,  dark  carbcaacc-oae  doloniite  ffagmante, 
ac  joMch.  as  3  cm  loa^,   in  a  light-oolcrad  iaatrix  of  siltoeized  dcloaibe 
grains  (Plate  13A).     fbs  fraga-eats  are  ang-^ilar,  and  aaujr  have  length  to 
width  ratios  of  mors  than  20; 1.     Thsy  are  coauconly  laminated  and,   under 
the  aaicroECope,   eihiMt  stracturo  and  texture  idantioal  to  dark  la/ers 
of  the  hemispherical  at-roaatolites. 

The  inferaforisitional  oongloasratea  in  tha  aaBSiva  doloaitaa 
eoasist  of  poorly  aortsd,    suba^^lar  to  rounded  dolomite  fra^utente  in  a 
aatrlx  of  saady  or  pell-Jtoid  dolomite  (Plats  19).     Tho  fragineats,   *hich 
ar'5  ae  ouch  ae  5  om  lorj^,   rangi'  fraa  oubcpheriaai  to  ciarkadly  talmlar. 
Some  of  the  flat  pebbles  have  length  to  width  ratioa  of  more   than  10:1, 
and,   in  placea  where  axioh  piaty  fragasnts  are  ajanuaat,   iabricate  struc- 
ture c&a  comaonly  be  seen.     Bed&  of  tha  con^loinerate  are  oosuconly  less 
thsua  5  feet  thick,   but  are  xatarally  continuous  for  as  much  as  a  few 
hundred  feat.     In  thin  section,  aany  pebbles  are  seea  to  be  cojopodad  of 
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Intrcuforaational  ooocloaerKte 

A»     W«ather«d  sturfaoe  of  intraforoatloiiRl  oon- 
elomerata.      (X2}. 

B.     Polished  curface  of  intrafonaational  eonj^loia- 
erste.     Hot&  abundance  of  flat  pebbles.      (X2). 
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miorocryBtalline  dolomite,  but  some  are  composed  of  fine-grained  pellett 
identical  to  those  in  tmrecrystallized  portions  of  the  maasive  beds, 
pebbles,  sand  grains,  and  pellets  are  cemented  mostly  by  very  fine- 
grained dolomite,  but  small  patches  of  dolomite  grains  0*1  to  0.5  mm  in 
diameter  are  common.  Hone  of  the  components  are  oarboneoeous. 

Origin 

The  intraformational  conglomerates  are  clearly  of  sedimentary 
rather  than  tectonic  origin,  because  they  are  confined  by  stratigraphio 
boundaries,  the  matrix  is  commonly  sandy,  and  many  of  the  fragments  show 
water-wear.  The  eonglomerates  are  of  local  derivation:  phenoclasts 
(Field,  1916,  p.  32}  in  conglomerates  associated  with  the  massive  dolo- 
mite commonly  show  the  same  texture  as  pellets  in  the  massive  beds,  and 
phenoclasts  associated  with  the  stromatolitic  dolomite  are  carbonaceous 
and  possess  lamination  Identical  to  that  of  the  stromatolites.  That 
some  of  the  conglomerates  show  edgewise  arrangement  indicates  strong 
current  or  wave  action. 

Flat  pebble  intraformational  conglomerates  are  commonly 
assigned  to  aud-crack  origin.  Walcott  (1894)  first  proposed  this  hypoth- 
esis as  an  outcome  of  observing  desiccation  on  a  modern  tidal  flat  at 
Hoyes  point,  Bhode  Island.  Field  (I916,  p.  52)  summarised  the  concept 
as  follows:  "A  tidal  flat  whose  sediments  were  composed  oT  a  limy  mud, 
when  desiccated,  would,  if  disturbed  by  subsequent  and  sufficiently  pow- 
erful tidal  action,  yield  a  q.uantlty  of  tough,  not  brittle,  phenoclasts 
which  might  be  redeposited  with  little  or  no  signs  of  attrition  except 
at  the  edges." 
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21ie  writrer  f&voura  tha  aod  crack  orlgia  for  the  Deaimlt  con- 
gloasrates  in  tho  aasslre  doloaito,  bsc&uss  it  oftoTB   &  method  of 
eeparatia^  thin,  flat  slabs  froa  aa  otherwise  hoBogoaoous  deposit.  For 
the  oougloaieratos  as&ociutsd  with  stroaatolitas,  howovor,  prizaary  utruc- 
tnra  of  the  coluaa&r  3troias.toj.itos  m&y  have  beea  sxifficioat  to  control 
fragmentation  of  thin  flat  slabs,  in  which  case  the  desiccation  process 
need  not  be  invoked.  The  straoture,  as  visuallized  by  comparison  with 
modem  algal  lorMS,  oonaiatad  of  layers  bo-oad  by  algal  filaaanis, 
alternated  with  layors  ralatlTely  fr&&   of  algal  filaaents.   Subjected 
to  strong  »«.Te  action,  the  aigae-rainforcal  layers  yialdsd  toagh  frag- 
meats  more  rssiatant  to  attrition  than  taa  intercalated  layers  of 
sedinsat.  Sha  occuxranoe  of  abruptly  teraiaated  carbouacoous  layers  in 
soioa  of  thi)  etroifiatolites  (Plata  12)  substantiates  such  origin. 

Composition  of  the  Benaalt 

She  ohemical  and  normative  coispcsiticns  of  a  lasiaatsd  silice- 
ous doloaita  &ajiple  and  a  stromatolitic  dolomite  saxople  are  shown  in 
Table  10.  The  lasiinatad  silia^cus  sample  is  rsprsssatatXTe  of  Unit  1, 
and  the  strouiatoli^ic  sample  represents  a  carbon-rich  layor  of  a  colimnar 
stroaatolito. 

Dolomite  is  tha  only  carbonate  mineral  in  the  two  S&nault  aasiplea, 
according  to  the  noroative  calculations,  and  z^ray  diffraction  of  20 
saiDples  reprasentatlTs  of  other  units  failed  to  detect  ealcite.  Instable 
is  the  presence  of  carbon  in  the  sample  of  stromatolitic  dolomite,  and 
the  ab'ondaace  of  (Quartz  and  Kica  in  the  sample  of  laminated  siliceous 
dolomite. 
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SABLB  10 
Chemical*  and  Horaative  Compositions  of  Two  Deaault  Sample* 

5=0         l£l 


S102 

28.1 

0.5 

TiO^ 

0.1 

0.0 

AI2O3 

4.0 

0.4 

yepOo 
FeO  ^ 

0.2 

0.2 

1.51 

0.17 

MxO 

0.0 

0.0 

MgO 

13.7 

21.0 

CaO 

18.9 

29.6 

BapO 

0.1 

0.1 

J^2P 

1.6 

0.1 

H2O 

0.53 

0.18 

P2O5 

0.0 

0.0 

CO2 

30.20 

46.30 

C 

0.0 

0^22 

Total        98.9         98.8 


Dolomite 

64.0 

98.6 

(Quartz 

21.6 

.i.. 

KuscoTite 

11.8 

0.7 

AllJite 

0.8 

0.5 

Liaonlte 

1.6 

*• 

Sxliens 

0.2 

... 

Carbon 

._ 

0.2 

5-0.  lAoinated  . iliceous  dolomite. 
1-3.  Strooatolitic  dolojaite. 
^Analyst:  E.  Hoops,  Qeol.  Sxirr.  Canada 

Carbon  vas  separated  from  representative  samples  of  the  stro- 
matolite tyres  hy  digesting  the  samnles  in  excess  hydrochloric  and 
hydrofluoric  acids.  X-ray  diffraction  of  the  residues  thus  obtained 
demonstrated  the  absence  of  crystalline  structure.  The  residues  oxidized 
readily  at  approximately  600°  C.  These  obeerrations  indicate  amorphous 
carbon  rather  than  graphite. 
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Origin  and  Deposit! onal  BnYironaent 

The  dolomitic  com-io«ition  of  th«  Dftt»u].t  introdncs*  th*»  perenn- 
ial dolomite  prolslera,  which  has  bet  l^  veil  outlined  "by   Tan  Tuyl  (1914)  and 
recently  reviewed  by  Fairbrldge  (1957).  The  main  theories  of  dolomite 
origin  are: 

1.  Dolomitisation  of  calcite  or  aragoolte. 

2,  Priisstry  precipitation  of  dolomite. 

Van  Tigrl  (1914,  p.  392)  observed  that  dolomitisation  normliy 
results  in  an  increase  of  grain  sise.  Long,  in  a  study  of  the 
Conococheague  llmeetona  (1953,  V*   1^7,  p.  110),  notod  that  dolomites  of 
probable  primary  origin  have  a  grain  aise  of  1  to  7  ailerons  whereas 
dolomites  showing  definite  evidence  of  replaoesient  origin  have  a  grain 
size  of  0.01  to  0.1  mm.  According  to  Petti John  (1957,  p.  419),  dolo- 
mitization  also  tends  to  destroy  sediirsntary  textures  and  structures. 
In  the  Denatat  formation,  grain  size  of  less  than  0.01  mm  is  common,  and 
sedimentary  text\irei>  atni   structures  are  remarlcably  well  preserved. 
Coarse  grained  dolomite  does  occur  in  the  massive  beds,  but  has  clearly 
formed  by  recrystallization  of  microcryetalllne  dolomite  rather  than  by 
replacement  of  calcite  or  aragonite.  Grain  size,  texture,  and  structure 
of  the  Denault  therefore  support  primary  deposition. 

precipitation  of  dolomite  on  the  pee  floor  Ic  nnlmovm  today 
(Falrbridge,  1957,  p.  326).  Howf'ver.  Chilingpr  (195^.  ?•  2?62)  caused 
prectj'ltetion  of  dolomite  from  see  wpter  in  the  laboratory  by  saturating 
one  litre  sea  water  with  respect  of  MgCO-^  and  CaCO-^  and  f«ub,jectlng  it  to 
8  CO^  pressure  of  ^  atmoephores  for  ?  weeks.  This  eTrneriment  lends 
support  to  StraJchov's  contention  (1953)  that  a  high  CO2  pressure  of  the 
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Precanbrian  atraosrthflrr  nay  hRVH  fr^'C^vfntlv   rectilteu  ?„e  direct  precipita- 
tion of  dolomite  throu,»hout  ranch  of  Precambrian  tiioe.  Primary  precipi- 
tation of  dolomite  in  evaporltic  basins  hAs  also  been  T»rop03ed  (Twenhofel, 
1932,  p.  339;  AndrichMk,  1955:  Sdle,  1956).  According  to  ferdley  (19?8, 
p.  1336)  a  mineral  sintilar  to  dolomite  is  now  prec  1-^1  tat  lag  in  Great  Salt 
Lake,  Utah,  and  StrnVov  (I9'i3)  reported  primary  dolomite  in  Like  Balkash, 
Rubs la. 

Bocause  most  of  the  Denau]  t  lithologies  ere  clastic,  earlier 
sedimentation  to  forai  sotirce  rocks  ir  recesaitated.  Initial  precipitation 
of  ealcite  or  arsfor.ite  may  therefore  have  occurred  in  the  source  area, 
proTided  that  dolonitizatlon  took  place  prior  to  tlw  fragmentation  and 
redepoBltion  which  formed  the  clastl';  dolomites.  The  writer  he.e   noted, 
ho%«Ter,  the  possibility  of  carbon&te  precipitation  l:y  the  digitate  and 
pisolitlc  BtroBiatolitee.   fheae  stromatolites  are  composed  of  finely 
crystalline  dolomite,  yet  show  extremeily  delicate  priirary  structure. 
Direct  precipitatio)?  of  the  dolomite  le  strongly  su^ested.  Chave  (195^, 
p.  281)  hRB  shown  that  some  types  of  algae  precipitate  ealcite  or  aragon- 
Ite  containip^  a-  rnich  as  ?0  percent  KgCOo  in  solid  solution.  Perhaps 
alg»«  are  capable  of  precipitating  pure  dolomite  under  conditions  of 
Inereasftd  CO2  pressure  or  hlf^h  salinity. 

The  columnar  end  undulatory  atronatolites  hfcve  been  interpreted 
as  sediment-bind  lag  algal  structtiree.  They  are  however,  cotuaonly  associ- 
ated with  the  pisolitlc  and  cigit&te  stromatolites  (see  columncr  sections, 
pocket  at  back) ,  and  possibly  the  detritus  which  they  trapped  v&b  derived 
by  fragmentation  and  comiainution  of  dolomite  precipitated  by  dlgittite  and 
pisolitlc  stromatolites.  Thus,  nearly  half  of  the  Denault  may  have 
formed  as  a  direct  result  of  algal  precipitation. 
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The  fine-grained  doloaite  of  the  laninftted  and  natsive  ^ds 
also  have  "been  derired  "by   c(»!mlnution  of  etruetttred  formed  "hy   lime- 
precipitating  al^e,  but  "beoause  these  lithologies  are  non-carbonaceoiuB 
and  do  not  contain  any  recognizable  stroioatolite  detritus,  origin  \fy 
Inori^mic  precipitation  Is  more  likely.  Influx  of  terrigenous  detritui 
occurred  during  precipitation  of  the  finely  laainated  heds,  and  alight 
yarlations  in  current  Telocity  are  Indicated  1^  the  coamon  occurrence  of 
graded  bedding  of  the  i»»nlne  current  type.  The  dolomite  eands  of  the 
aasBlve  heds  may  hare  formed  hy  erosion  of  partially  lithlfied  Brads  or 
by  aggregation  of  dolomite  detritus. 

All  lithologies  of  the  Cenault  fox^natlon  show  evidence  of  depo- 
sition in  relatively  shallow  water.  Because  the  Denault  is  more  than 
3000  feet  thick,  subsidence  in  pace  with  rate  of  sedimentation  is  there- 
fore inferred.  DolcMdtlo  formations  occupying  similar  stratigraphic 
positions  occur  in  many  parts  of  the  Labrador  Trough.  Hoscoe  (1957,  p.  7) 
and  Itehrig  (1955*  P»  5)  report  stromatolltlc  dolomites,  which  probably 
correlate  with  the  Denault,  more  than  100  miles  north  of  Marion  lAke. 
One  hundred  and  fifty  miles  south  of  Marlon  I*ke,  3&.'ffell  (1959)  mapped  a 
Barbie  formation  which  probably  is  the  metamorphic  equivalent  of  the 
Denault.  The  possible  areal  extent  and  great  thickness  of  the  Denault 
strongly  suggest  marine  rather  than  lacustrine  environment  of  deposition. 
She  Green  River  formation  of  Wyoming,  Colorado  and  Utah  is  an  areally 
extensive  continental  deposit  which  may  be  more  than  2000  feet  thick 
(Bradley,  1929),  but  \mllke  the  Denault,  it  contains  abundant  terrigenous 
sediments  and  only  a  few  thin,  relatively  pure  carbonate  beds.  Thick, 
widespread  formations  composed  dominantly  of  carbonate  rocks  are  abundant 
only  in  marine  sequences  (Barrell,  1906,  p.  5^7}* 
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Sllloif icetlon  of  the  D«Q&ult 

Chert,  chalcedony,  and  quartz  are  ahundant  in  the  Beoault, 
particularly  In  the  aaasaive  unite.  The  chert  occurs  as  nodules,  most  of 
which  hare  the  shape  of  oblate  •pheroide,  flattened  parallel  to  "beddine. 
Boundaries  are  sharp  and  smoothly  curving,  and  cross-seotional  outlines 
are  strongly  elliptical,  vith  axial  ratios  as  high  as  5:1.  Hodoles  as 
large  as  10  Inches  in  diameter  are  ooomon,  hut  most  are  less  tl^an  ^ 
Inches  In  diameter.  Several  zones  of  ahtmdant  nodules  can  be  reco^ised 
in  the  measured  sections  (pocket  at  back).  Most  of  the  nodules  are  white 
to  gray,  but  In  one  sone  (Unit  6}  they  are  dark  gray  to  black.  Many  of 
the  nodules  contain  Iz^egular  remnant  patches  of  dolomite,  erabayed  by  the 
chert,  and  some  exhibit  relict  bedding  continuous  with  that  of  the  enolot- 
ing  dolomite.  The  nodtdes  are  therefore  interpreted  as  eplgexietlc  re- 
placement bodies.  The  nodxiles  are  commonly  intersected  by  joints,  which, 
as  later  noted,  probably  formed  prior  to  folding.  This,  and  the  restric- 
tion of  nodules  to  stratigraphlo  zones,  strongly  suggest  dlagenetlc  origin. 

Biggs  (1957}>  lA  considering  origin  of  similar  chert  nodules 
concluded  that  the  silica  composing  the  nodules  was  derived  from  the  host 
rock.  This  source  would  be  adequate  in  the  Sanault,  because  all  of  the 
nodular  sones  contain  abundant  dispersed  silica.  However,  the  laminated 
dolomite,  most  siliceous  of  the  rock  types,  contains  very  few  nodules. 
Therefore,  if  the  dolomites  supplied  the  silica,  the  extent  of  nodule 
formation  aust  have  been  controlled  1^  factors  other  than  the  availability 
of  dispersed  silica. 

The  quartz  and  chalcedony  form  scattered  lenticular  pods,  vein- 
lets  parallel  to  Jointing,  and  Irregular  layers  accentuating  bedding  and 
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stroinatolit9  laaiiuttion  (Plate  20).  Huch  of  this  ailica  must  have  been 
introduced  into  voids,  beciuse  crystals  coauaoaly  line  the  walls  of  the 
occupied  apices,  and  many  of  zhc   chalceconic  pods  exhibit  colloform  band* 
Ing,   Xn  placBB  the  niliee.  infilllngs  tnmoftt3  Bedimentary  structiires, 
su^esting  solution  origin  foi*  the  roids.  Soft,  xinconsolidated  carbonate 
mude  and  sands  would  be  insajjable  of  supporting  a  network  of  voids,  and 
therefore  the  solution  anc  silicif ication  probably  occurred  after  lithi- 
fication,  however,  nuny  jslnts  tre  unoccupied,  suggesting  that  silicif- 
i^^tlon  ceased  before  all  joints  had  developed.  The  veinlets  parallel 
to  .jointing  eommonly  cut  toe  layers  parallel  to  bedding,  showing  that  the 
bedding-controlled  sllicificaticc  preceded  at  least  some  of  the  Jointing- 
controlled  Pilicificfition. 

Soma  stroni&toli'ae  7.ones  are  extensively  siliclfied.  The  columnar 
and  undulatory  stromatoli'&eB  are  particularly  susceptible.   Sedimentary 
origin  for  the  silica  was  at  first  suspected,  but  the  following  lines  of 
«nvifl«irie«  Inflicat©  that  po*t-««dimftntpry  origin  is  BOr#  likely: 

1.  Some  highly  sillcified  "tromatolites  grade  laterally 
to  sstrotsBtolltes  showing  little  or  uo  silicification. 

2.  Quartaltic  lamArtatioug  commonly  merge  with  joint- 
controlTsd  veinlets  showing  no  cross-cutting 
relationshirs. 

3.  C'«*y«tA"Jliv;rHphie  c  area  of  quartz  crystals  are  normal 
to  the  walls  of  the  layers. 

Silica  in  the  silieified  stromatolite  sones  composes  as  much  as 

60  percent  of  the  stromatolitcsi,  but  content  of  dispersed  silica  in  non- 

nilieified  stromatolites  in  the  same  sones  rarely  exceeds  15  percent. 

Tble  clearly  indicates  introduction  of  the  silica  rather  than  segregation 

of  silica  in  the  stromatolites. 


PUTS  20 
Sllioif  led  dolojDittt 

A.  Al>und&]it  queirts  pods  And  sirlneers  parallel 
to  becldlnc  in  siliceous  dolomite. 

B.  KzteusiT&ly  silicified  ooltumar  etrooatolite 
unit. 
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Wlshart  Jormation 

The  Wlshart  formation  overlies  the  Denault  with  slight  tiuoon- 
fornlty.  The  sharp  contact  Is  exposed  In  several  outcrops  on  the  south 
shore  of  Marlon  I»ke.  Three  aeaaured  section  show  that  the  formation 
IB  approximately  300  feet  thick,  and  le  composed  of  45^  sandstone,  2S% 
aokerltlc  slltstone,  155f  slltatone,  10^  cherty  slltstone,  and  551^  conglom- 
erate. A  generalized  section  Is  shown  In  Table  11. 

TABLE  11 

Generalized  Section  of  the  Wlshart  Forinatlon 

Approximate 
Unit  Thickness  (feet) 

Slltstone  10 

Orthoquartslte  30 

Slltston*  10 

Ankerltle  slltstone  30 

Cherty  slltstone  15 

Lenses  of  ankerltlo  0-5 

conglomerate 

Upper  chert  pebble  10-15 

conglomerate 

Cherty  slltstone  I5 

Ankerltlo  slltstone  45 

Orthoq.\iartzlte  100 

Lower  chert  pebble  0-10 

conglomerate 

Slltstone  20 

Total  295-315 
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Sandstone 
Detcrlptloa 

The  sandstonee  are  tough,  masalTe,  medltun-grained  rocke,  which 
are  white  or  light  gray  on  fresh  and  weathered  STirfaoes.  They  are  very 
well-sorted,  chert-  and  quartz-ceutented  orthoquartzitee  (Table  12). 
Well-rounded,  highly  spherical  q\iartz  and  chert  grains  are  the  only 
framework  minerals  (Plate  21),  Overgrowth  rims  in  orystallographlc  con- 
tinxzity  with  the  detrital  qviartz  grains  can  he  seen  in  some  specioens. 
The  quartz  grains  contain  planes  of  tiny  opaque  inclusions  and  show 
strong  undulatory  extinction.  Because  the  traces  of  some  incltiBlon 
planes  extend  acrcaa  several  adjacent  grains,  ths  lr.«la«ioaa  mist  have 
originated,  at  least  in  part,  during  metaaorphism  of  the  Knob  lAke  group. 
Chert  is  the  cement  in  some  of  the  sandstones,  but  most  of  the  rocks  are 
welded  together  by  mutual  interpenetrations  of  grain  boundaries.  Flakes 
of  2H  ffluscovlte,  less  than  0.01  mm  long,  are  concentrated  along  the  f ine> 
ly  sutured  boundaries  of  most  sand  grains.   Colorless  zircon  and  greenish 
blue  tourmaline  are  accessory  detrital  minerals  in  the  orthoquartzltes. 
They  occur  as  well-roucded  detrital  grains  less  than  0.1  mm  in  diameter. 
Magnetite,  llmenite,  l&acoxt!n£,  and  limonite  are  thi!  inajor  opaque  minerals. 

Slse  frequency  distributions  for  two  Wishart  sandstones  were 
calculated  from  thin  section  measxirements  (Appendices  A  and  B).  Histo- 
grams of  the  distributions  are  shown  in  Tig.  8.  For  both  samples  the 
mode  is  in  the  0.25-0.5  "^   class,  and  the  size  range  is  restricted  to 
four  classes.  Tho  distributions  are  skewed  towards  the  coarser  grades. 


Jig.   8 

Site  histograois  for  two  Wisb&rt  sandstones,  ehowlng 
the  dstioatdd  Toluaa  percent  distribution  of  detrital  grains. 
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PUTS  21 
photcmlcro^rapha  of  Wlshart  sandstone 

A.  Thin  seotlon  of  upper  orthoquartzite  unit. 
Hota  e-zcell-ant  rotinJin^  and  sphericity  of  qtiarts  und  chert 
grains.  CroBsed  nicol«,  X30. 

B.  Shin  peotioa  of  lover  orthoqu&rtzits  unit. 
Iota  abundant  nrntiu)!  Interpanetraiions  of  the  quarts  grains, 
Crotted  niools,  X3C. 
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Origin  and  DepoBit^onal  Envlronaent 

Sar.d«tcn«s  of  the  v/ithsrt  Br«  yi^ry   n»twre  orthoqtiartziteB  which 
hcire  proljatly  pa^^sed  throu^f^h  sererRl  cycles  of  B«dimentation.  The  well- 
TOVcAed.   9s.nr?3  may  heve  irw^ergon*  ©xtenssiTs  wind  trananort  lorior  to  depo- 
aition  bsaanss,  accordiiv?:  %o   Twenhofel  (19^5,  p.  59),  wind  it  more 
affoctlTe  I3ian  water  in  th-j  rounding  of  sand  grains.  l>ake  (1921,  p.  223) 
and  Thiel  (19?5.  p.  61?)  la  detailed  studies  of  t>ie  well  known  Ct,  Peter 
sandstone,  which  ehows  roundinar  eqiai  to  that  of  the  Wiehart,  siiggeated 
some  aeolian  abrasion  prior  to  deposition  to  account  for  the  excellent 
rotuiding* 

Exewllent  BortisiP  of  tl%  Wishart  sandB  strongly  snggests 
deposition  in  a  littoral  or  aeolian  environiBont.  Many  aodern  aeolian 
and  beach  san*  (Udder.,  191'*,  p.  7035  71^719)  t  ahow  similar  distribution. 
The  sands  were  7r'?l»<?"bly  ^ertred  from  parts  of  the  Marion  Lake  formation 
which  were  exposed  sither  by  local  upwarp  and  eroeicp.,  or  by  Tlrtue  of 
non-deposition  cf  the  Tersult  sjxd  Keco  formations  in  the  source  areas. 
The  sands  exhihltiDg^  tVse  \i«rt   rounding  and  sorting  ccour  near  the  top  of 
the  Wishart,  and  poesJ.tly  v<>r6  ^eriyed  "by  reworking  of  older  Wishart  sand 
units.  It  could  be  arguec  that  reworkiJig  shJtad  result  in  redtiction  of 
size,  yet  sise  dietribv.tirns  of  the  Marion  Liike  sandstones  do  not  include 
larger  size  grades  than  dletributions  of  the  Wishart  sandstones.  In  fact, 
some  sajnples  of  the  ^te.^ion  Lake  sandstones  are  finer  grained  than  the 
Wishart  samples,  HoweTer,  it  is  not  unreauoaable  to  postulate  source 
rocks  of  Marion  I*ke  age  which  were  coarse-grained  lateral  equivalents 
of  the  Marion  Lake  sandstones  exposed  in  the  map-area. 
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Tte  lo^»r  c^nj'jlgiBerat??  i«  >»•»*  f^x^os^d  on  the  south  shore  e? 
th«  acrth*98t.  arm  of  Mnrlon  Lairs.     It  forms  Isnticnlar  Tjeda,   less  than 
10  f»9t  thic'c,   containing  ^vbaagular  to  roiinds'l  frngments  of  gr«eui»h- 
cray  chert,  fhits  yein  innr^jt ,   *.n'?  »?!»7  to  white  arVrosio  qnartaite.     The 
fra^TJffr.ts,  0.5  to  3  cm  In  diameter,  coisp^ss  approzimatsly  30  percent  of 
th»  rock,  and  are  eat  in  a  H«dluai-gr?lDed  T>rotoquartsit<9  raitrix  (Plate 
22A).     Sand  graies  of  the  a&trlz  are  ver^  w«H  rounded  and  highly 
sphsrioal.     Most  of  the  grains  ar.?  qxiartz,   hut  there  are  a  few  sand-size 
fracTeote  of  chert.     The  qunrt?  and  chert  tand  grsiCR  pre  cein*>Eted  "by  a 
very  firs-jrained  nrusocrite  iater,?rovth  c^ntainin^  Irregulsr  ratchee  of 
chert.     Pyrite  and  leucozen?  are  the  most  abUT)dant  opaque  minerals. 
Detrlt  I  zircon  grains  end  'jubedral  crystals  cf  apatite,   leee  thsm  0.01 
OBI  in  disjEstsr,  aro  aiacr  ^^r.snsory  alnerals. 

The  upper  cenglom-jrate  crops  out  on  the  small  ielssd  in  the 
northweet  ara  cf  Karicn  La'^^,   and  en  the  north  ehore  of  the  lAke,   one 
ailr    southv3F,t  of  the  islani.     In  hoth  jlscec,   sarfced  graded  teddinf  can 
■be  eeen.     An^lar  and  rcijLiJdsd  pe Voles  of  ^jaeper  and  'iherli,   ae  much  as  5 
oa  In  diameter,    occur  ry?ar  the   here  cf  tb#  ccri^loirerate,   hut  only  ecatt- 
STC&.  ^renules-  t-zcTiX  n-jar  the?  top.     The  pehble-eited  fragments  of  chert 
and  ,1agper  compere  lest  than  40  percent  of  the  ^rray-hlaclr,   to  greenleh- 
hle.ck,   ruety  veatherJnir  conflorerate  (Piste  2?B).     The  ratrlr.  corsiBte 
of  intimetely  intergrcun  chart,    ptilpncnelane,   anVrerite,  and  en  aclcular 
mineral  which  mey  be  icinnesotaite.     The  latter  mineral  has  the  pleochroic 
formula:  X  ~  pale  yellow.  T  ■  Z  -  light  green,   shows  moderate  hirefrinj^ence. 


PMTD  22 
Wishart  oonclonerata 

A.  PhotofflioroeTaph  of  lower  coQ^loaierata 
thovlnc  marginal  replacesiezit  of  chert  pelsblea  (lights 
colored)  by  fine-grained  ankerite.  Note  euhedral  authi- 
genlc  liderlte  crystal  (eitanBlTely  altered  to  Iron 
oxide ■)  near  center  of  photograph.  Ordinary  light,  JZ. 

B.  polished  surface  of  upper  conglomerate 
•howing  ^sper  and  chert  pehbles  in  a  matrix  rich  in  iron 
silicates.  Hote  colloform  handing  in  pehhle,  lover  left 
comer.  (X2). 
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1»  length  slow,  and  faas  iudloas  S^  =  1.60;  Ng  »  1. 6^1.  It  ehovs  parallel 
extinction  and  2T  is  negatlye  and  small.  These  data  match  the  optical 
data  for  mlnnesotalte  (Winohell,  1951»  p.  365),  Imt  do  not  eliminate  some 
of  the  ehlorites,  particularly  aphrosiderite  (winchell,  1951,  p.  384). 
Pyrite,  hematite,  limonite,  amorphous  carbon,  and  apatite  are  minor 
constituents. 

On  the  east  side  of  the  island,  sereral  small  outcrops  of 
cream-huff,  r\i8ty-weatherin€  conglomerate  containing  as  much  as  50  per- 
cent ankerite  occur  at  the  top  of  the  upper  conglomerate.  Well-rounded 
sand  grains  of  qtiartz  and  chert  compose  more  than  15  percent  of  the  rock, 
and  light  gray  euhangular  chert  pehbles  compose  most  of  the  remaining  35 
percent.  Opaque  mixierals  are  virtually  absent,  but  apatite  is  abundant. 

Origin  and  Depositional  SnTJronaent 

7he  lover  Wishart  conglomerate  resembles  the  Marion  X/ike  con- 
glomerates in  composition,  lenticularity,  and  lack  of  sorting,  and,  like 
the  Marion  Lake  conglomerates,  is  perhaps  bast  interpreted  as  a  fluvia- 
tile  dejosit.  Roundness  of  sand  grains  in  the  matrix  was  probably 
inherited  from  a  previous  cycle.  The  abundant  quarts ite  pebbles  support 
this  view,  and  their  arkosic  composition  suggests  the  Marion  Lako  forma- 
tion as  the  probable  soitrce. 

Hotable  in  the  upx>er  conglomerate  is  the  exclusive  occurrence 
of  chert  and  Jasper  fragments  in  the  framework.  Most  of  these  fragments 
•how  no  rounding.  Indicating  a  relatively  short  history  of  transport. 
The  ironstone  matrix  shows  no  evidence  of  clastic  origin,  and  because  the 
chert  pebbles  form  an  open  framework,  the  toatrix  clearly  cannot  have 
originated  by  infiltration.  The  matrix  is  therefore  interpreted  as 
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cliemiotili/  precipitated  eodiaert,     intinuite  RSuorJrttJon  of  flnn  greined 
cheeicei  and  coarse  clastic  ooiqponentf.  Is  enoifiloue,  'bufc  'becauBo  the 
graded  conglomerate  i»  a  giriglfi  oocujTence  aBeocJ-ateri  wltb  oleerly  shfiH- 
cv  vater  scncietoneB,   it  can  pcrhape  lo  attributed  to  n«ai'~tihore  giurajilim 
of  lithified  chert  into  »n  environDiCut  of  Ironstone  v'epoBitlon. 

Siltetone 

I?«»fecrittion 

The  siltstones  and  cherty  siltstones  of  the  wlshart  formation 
are  closely  associated  rock  types.  Both  are  tou^h,  thinly  hedded,  and 
appear  light  gray  to  pale  greenish  biiff  on  both  fresh  and  weathered 
surfaces.  The  cherty  siltstones  tend  to  break  with  a  conchoidal  fracture. 
Baddizig  in  the  siltstones  Is  marked  by  slight  differences  in  grain  sise, 
and  in  the  cherty  siltstones  it  Is  accentuated  by  alternation  of  chert- 
rich  and  silt-rich  laalnation*  (Plats  23A).  Most  of  the  silt  grains  are 
well-rour>ded,  less  than  0.05  aJ"  in  diameter,  and  exhibit  undulatory 
extinction.  Muscovite,  in  amo\ints  up  to  10  percent,  is  present  in  all 
•pecimens.  The  muscovlte  ocexirs  as  shreds  less  than  0.01  nm  long,  paral- 
lel to  the  bedding.  Bhoabic  crystals  of  siderite,  extensively  pseudo- 
iiiori>bed  by  liaonite,  are  commonly  strung  out  parallel  to  bedding.  The 
rhombs  average  0.05  "an  In  diameter,  enclose  clastic  qtiarts  grains,  and 
show  distinct  euhedral  outlines  (Plate  23B) . 

The  ankeritlc  siltstones  are  characterized  by  a  powdery,  yello- 
wish-brown llmonltlo  rind  on  weathered  surfaces.  ?resh  specimens  are 
tough,  massive,  and  ll^t  gray  In  color.   Slight  effervescence  Is  prodiiced 
by  cold  20  percent  hydrochloric  acid.  Indices  of  refraction  for  the 
carbonate  mineral  in  several  samples  were  determined  as  Nq  *  1.72-1.75  ^^^ 


FUTB  23 
Photomloroeraphc  of  Wlabart  chert7  siltstone 

A.     Tiiin  s.sctioii  oi  cherty  9ilt«toae  showing 
ofraet  alc:xg  &  .aior:fractiirs.     Ordiatiry  iieht,  X30. 

2.     Tbln  section  of  cherty  siltatone  containio^ 

liBonite  pijudoiiorplis  after  authigsaio  aldnrlte  ank-idra. 

Croaked  nlools,  X4C. 
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Bg  •  1.52-1.5^,  Indicating  ferrodoloaite  to  ankerite  composition 
(Wlnchell,  1951,  p.  11^) .  Dolomite  structure  yfts  verified  "by  x-ray  dif- 
fraotion.  The  ankerite  grains,  which  compose  approsimttely  30  percent 
of  the  ankeritic  eiltatoneB  are  neutral  to  pale  hrovn  in  thin  section, 
and  lack  Ic-mellar  twinning.  The  ankerite  grains  are  anhedral,  and  most 
are  less  than  0.01  mm  In  diameter.  They  are  intimately  intergro*m  with 
chert,  forming  a  fine-grained  utatriz  for  the  qoiartz  silt  (Plate  24a)* 
Angular  to  poorly  rounded  fragments  of  cellophane  are  present  in  some 
specimens  (Plate  2^B).  The  fragments,  which  are  up  to  0.5  n™  ^^   diam- 
eter, are  altered  in  part  to  clusters  of  clear  hexagonal  crystals  less 
than  1  micron  In  diameter.  The  ciystalline  altfiretion  is  probably  either 
dahllite  or  axAtite.  Muscovite  flakes  less  than  0.01  mm  long  are  minor 
constituents  in  most  specimens. 

prigin  and  Depositional  Environment 

Fine  lamination  of  the  Wishart  siltstonee  indicates  deposition 
below  wave  base,  but  because  of  association  with  the  well-sorted  sand- 
stones of  probf^ble  shallow  water  or  aeolian  origin,  no  great  depth  of 
water  is  Inferred.  The  fine-grain  size  and  intimate  intergrowth  of  the 
ankerite  and  chert  suggests  chemical  origin  for  these  minerals.  The  silt 
grains,  however,  are  clearly  detrital,  and  therefore  clastic  as  well  as 
chemical  sedimentation  must  have  taken  place.  Krumbein  and  Garrels  (1952) 
have  shown  the  Importance  of  Sh  and  piH  in  precipitation  of  chemical  sedi- 
ments. According  to  their  studies,  elderlte  will  precipitate  in  a 
slightly  reducing  environment  with  a  pB  range  of  7.0  to  8.0.  No  data  are 
given  for  ankerite,  but  presuiaably  conditions  for  Its  precipitation  would 
be  similar  to  those  required  for  siderite  precipitation.  Krumbein  and 


PUTS  24 

Photoffllcroera^iha  of  Wisbart  aiikeritlo  siltBton* 

A.  fine-erained  ankc-rltio  slltatonet  showing 
detrital  qxiartz  silt  in  a  fine-grained  matrix  of  chert  and 
ankerita.  Ordizuiry  light,  J^0» 

B*  Thin  section  shoving  two  angular  detrital 
fragiMnta  of  oollophane  (dark  patches  near  oent«r  and  at 
left)  in  an  ankeritio  siltstone.  Ordinary  light,  X45* 
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Oarrela  (I952t  p.  19)  suggest  that  chert  Is  Sh-  and  pH-  Independent, 
Correns  (1950)  considers  organic  activity  •■aential  to  prinary  precipi- 
tation of  chert,  and  Bramlette  (19^i  p*  ^)  has  shown  that  the  thick 
Monterey  forioation  of  California  consists  mostly  of  altered  diatomaceous 
deposits,  "but  other  workers  (Tan  Hise  and  Lelth,  1911,  p.  516;  Davis, 
1918)  hold  that  inorganic  precipitation  is  possihle  in  environments  to 
which  silica  ie  contributed  by  WElcaniem.  faliaferro  (1933)  suggests 
th&t  volcanic  activity  may  he  necessary  to  sufficiently  increase  the 
silica  content  of  sea  water  to  allow  abundant  organic  precipitation  of 
silica.  £vldence  of  vulcanism  contemporaneous  with  Wlshart  sedimentation 
cannot  be  shown  for  the  Marion  Lake  area,  but  because  volcanic  rocks  are 
abundant  In  the  Labrador  Trough,  silica  enrichment  due  to  vuleanism  must 
b«  considered  possible, 

fhe  Eiderite  rhombs  In  the  siltstones  must  be  either  authlgenlc 
or  metamorphic  because  they  are  euhedral  and  commonly  enclose  grains  of 
quarts  silt.  Alteration  to  llmonlte  Is  the  result  of  weathering. 

The  occurrence  of  collophane  In  the  Wlshart  rocks  may  well  be 
unique  In  the  Precem'to'lan  record.  Because  the  cellophane  Is  fragmental, 
phosphorite  source  beds  are  probably  present  elsewhere  In  the  Labrador 
Trotigh.  The  fragments  could  also  represent  the  phosphatlzed  hard  parts 
of  primitive  Invertebrate  life  forms.  Mansfield  (1927,  p.  366)  Inter- 
prets phosphatlc  sediments  of  the  well-known  Permian  Phosphoria  formation 
as  formed  by  "...  biochemical  and  physical  agencies  from  phosphatlc 
solutions  or  colloids  on  the  sea  bottom."  Pettljohn  (1957,  p»  ^75)  notes 
that  phosphorites  are  deposited  typically  In  marine  environments  under 
auiaeroble  conditions. 
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A  thick  aequeixce  of  elate,  sb&ie,  argillttCa  &ud  q,u&rtslte  lies 
ttr&tlgrBphically  above  the  Wlabtrt  fcraation.  Prarsy  iaRp}T«d  the  west- 
ward erteiition  of  these  rocks  as  the  Bcwse  grcap,  bat  he  exj<;geBted  the 
pOBBibliity  of  their  equivaiecce  to  the  Menihek  fcraation  of  the  type 
eectloB  at  Enol)  Lake  (rrarey,  19  5^'). 

Within  the  Marica  Lake  area,  there  are  eevsr&l  places  along  the 
north  shore  cf  the  :iorthwest  arm  of  Marion  Lake  (irhere  slate  oror^n  out 
less  than  ICO  feet  str&tigraphically  ahore  th@  Wishart.  The  contact  is 
not  exposed,  hut  bedding  attitudes  stron^-ly  su^g^est  confcrmity.  lather, 
larg&-ecal«  folds  in  the  slate  belt,  accentuated  by  conforiaable  basic 
sills,  correspond  closely  to  the  large-scale  folds  in  the  Dejiiault  fonua- 
tion.  fha  rocks  above  the  iifishart  are  therefore  here  assi^ed  to  the 
Manihek  foriuation. 

)JB8t;rir.tioa 

Slate  and  zb&ln   coapc&a  uicre  than  90  percent  cf  the  Heaihek. 
Ihese  rocks  ar«a  greenish  gray  to  ^-ayi^h  black  en  fresh  a-orlaces,  and 
ydllcwish  brc#n  to  light  gray  on  weathered  surfaces.  Bddding  is  oouuaonly 
obscured  by  cleaTBga,  but  where  iriaiala,  is  saea  to  consist  pf  tabiilar 
laainationa  leas  than  1  aa  thick,  Oray,  silty  quartzitlo  layers  are 
alternated  with  dark,  finer  graiuad  aicacaous  layers.  Ihe  sil'cy  layers 
coaffionly  ahc'o*  d-alieata  sross-laaination,  Datrital  ^luarta  graiua,  up  to 
0.03  11^  iu  diaaater,  can  be  seen  in  thin  section,  but  aost  of  the  minerals 
cannot  be  accurately  idantifi&d  by  means  of  the  microscope.  X-ray  anal- 
yses rereal  that  quartz,  albite,  chlorite,  and  2M  sniscovite  are  the  siajor 
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mlnerale.  Small  amounts  of  pTrite,  dolomite,  oarbon,  and  Iron  silicates 
are  present  in  most  specimens.  Hematite  and  magnetite  are  aliundant  in 
beds  near  the  base  of  the  Menihek  formation. 

In  Table  13t  chemical  composition  of  a  sample  from  the  lover 
part  of  the  Menihek  fonsation  in  the  Marion  Lake  area  is  compared  with 
compositions  of  two  Buth  samples  and  two  Menihek  samples  from  the  Knob 
lAke  area  (Gross,  1951}*  The  slate  from  the  Marion  Lake  area  more  close- 
ly resembles  the  Huth  slates  in  haring  low  silica  and  high  total  iron 
contents,  but  differs  from  them  in  having  higher  soda,  lime  and  magnesia 
contents,  fhe  titania  content  is  unusually  high  in  (A)  and  (B).  Speci- 
mens taken  from  the  upper  part  of  the  Menihek  in  the  Marion  Lake  area 
are  more  siliceous  than  the  slate  submitted  for  analysis  (A),  and  z-ray 
analyses  do  not  reveal  the  presence  of  abnormal  aaoTjnts  of  iron  ozides. 
The  chemical  eompoeition  of  the  upper  Menihek  in  the  Marion  Lake  area 
would  therefore  more  closely  approximate  in  composition  the  type  Menihek 
«it  Knob  Iske   (D,  £).  This  substantiates  the  suggestion  that  the  rocks 
mapped  as  "Menihek"  In  the  Marion  I&ke  correlate  with  the  Buth-Sokoman- 
Menihek  sequence  of  the  type  locality. 

Argillites  of  the  Menihek  are  similar  in  composition  to  the 
slates  and  shales,  but  lack  well-developed  lamination.  Fine-  to  medium- 
grained  quartzites  form  widely  scattered  lenticular  beds  in  the  Menihek. 
Becrystallization  has  obscured  most  detrital  outlines,  but  where  visible, 
the  grains  are  well-rounded  and  uniform  in  size.  The  qxiartzites  are 
massive  gray  rocks  t&ich  coBimonly  show  cross-bedding.  They  are  composed 
mostly  of  quarts  and  minor  amscovite  and  chlorite.  The  micaceous  mine- 
rals commonly  occtir  in  clusters  which  may  represent  distorted  sbalo  frag- 
ments. The  original  sandstones  were  probably  protoquartzites,  according 
to  PettiJohn«e  classification  (1957,  p.  291). 


Chemioal  Ccmposition  of  Menihek  and  Buth  Slates 


A 

B 

C 

5 

1 

SiO^ 

<3.9 

52,35 

5^.84 

66.88 

71.22 

TiO^ 

2.3 

1.S6 

C.42 

0.82 

0.48 

AI2O3 

14.9 

11. 56 

10.62 

14.09 

13.04 

Te.^0^ 

9.0 

13.09 

13.39 

1.96 

1.39 

FeO 

4.57 

3.96 

7.50 

1.41 

3.09 

MoO 

C.l 

0.15 

••     •• 

-  - 

MgO 

4.3 

— 

1.79 

1.52 

2.36 

OaO 

1.3 

0.34 

0.52 

0.53 

0.42 

Na^O 

2.1 

1.32 

0.13 

0.78 

1.14 

KgO 

2.8 

4.54 

3.06 

^.15 

2.82 

H2O  + 
H2O   . 

3.66 

7.34 
1.33 

4.46 
0.97 

1.94 
1.28 

2.34 
0.42 

CO^ 

0,00 

— 

— 



_  -. 

^2^5 

0.2 

0.25 

0.11 

0.10 

0.13 

0 

— 

1.78 

2.18 

^.24 

0.86 

Total 

99.1 

99.89 

99.99 

99.70 

100.21 

A.  Sample  of  the  lower  part  of  the  Moalhe'-r  for;.antion,  hlb.ri-m   Lake-  area. 
Sample  6-19. 
Analyst:  0.  Bendor,  ftaol.  Surv,  Cs,nada.  . 


B,  C.  Sample 8  of  the  Ruth  Blate,  Knob  Lake  area. 
Analynt;  W.  H.  H:rd8nie.n,  Glasgow. 

D,  S.  Sampl^B  of  the  Msnlhek  al^.ta,  Kno"b  Lake  ar^^a. 
Analyst:  W.  H.  Herdsman,  Glasgow. 
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Origin  and  Dex>oaltional  EnYlronroent 

Delicate  lamination  and  fineness  of  grain  in  the  Menlhek  shalea 
and  slates  indicate  a  relatively  quiet  water  envlronaent  of  deposition. 
The  quartzltes,  however,  are  well-sorted  and  cross-bedded,  sxiggestlng 
deposition  in  a  turlmlent  enTironment.  Sedimentation  may  have  been  con- 
trolled by  water  depth,  sand  being  deposited  when  wave  base  was  depressed 
to  the  depositional  interface.   Introduction  of  the  sandy  units  to  a  deep 
basin  by  turbidity  flow  is  another  t)0S6ibillty,  but  maturity  of  the  quartz- 
ltes and  lack  of  graded  bedding  stand  against  such  origin. 

High  tltania  content  of  the  Menlhek  rooks  may  have  resulted 
from  unusual  concentration  of  titanium-bearing  minerals  in  the  sediment- 
ary environment,  addition  of  tltania  during  Intrusion  of  the  eills,  or 
metasonatic  transfer  during  regional  metamorphism.  The  high  tltania 
content  could  also  reflect  contemporaneous  volcanism  with  release  of 
tltania  to  the  waters  In  the  basin  of  Menlhek  deposition.  Because  the 
lower  beds  of  the  Menlhek  are  iron-rich,  a  relationship  may  well  exist 
between  vulcanism  and  Menlhek  sedimentation.  Van  Else  and  Leith  (1911, 
p.  513-516)  suggested  that  contemporaneous  basic  eraptive  rocks  probably 
yielded  the  iron  in  the  iron- bearing  sediments  of  the  i,akA  Superior  iron 
region  through  one,  or  a  combination  of,  the  following  processes; 

1.  Transfer  in  hot  magmatic  solutions  migrating  from 
the  eruptive  lava  during  It  solidification, 

2.  Action  of  meteoric  waters  on  subaerial  flows. 

3.  Transfer  by  direct  reaction  of  the  hot  magma  with 
sea  water. 

James  (1951)  however,  has  advanced  the  theory  that  climate  is  the  import- 
ant control  of  iron-sedimentation.  James  notes  that  humid-tropical 
climate  in  modern  environments  is  favorable  for  iron-enrichment,  and  he 
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stated  (1951.  P«  26^):  "It  is  the  writer's  opinion  that  cliaate  alone, 
with  its  attendant  effects  on  weathering  and  stream  load,  is  eminently 
qualified  to  furnish  the  transcending  control  for  an  interval  of  iron- 
rich  sedimentation." 

MUBLOCK  GROUP 

The  Murdock  group  is  sej^arated  from  the  Knob  Lake  group  by  a 
northwesterly  trending  fault,  and  crops  out  east  of  the  fault  in  a  belt 
less  than  one  mile  wide.  Chlorite^biotite-qxiartz  schists  and  chlorite- 
albite-aotinolite  schists  compose  most  of  the  Murdock,  but  massive 
intrusive  rocks  are  locally  abundant. 

Description 

The  fine-  to  mediuB-grained  chlorite-biotite-quartz  schists 
are  dark  green  to  greenish  gray  on  fresh  surfaces,  and  rusty  brown  to 
pale  green  on  weathered  surfaces.  Some  outcrops  show  relic  bedding  aver- 
aging 0.5  to  3  ™a  thick,  but  it  is  commonly  obsctired  by  cleavage. 
Typical  specimens  contain  approximately  35^  quartz,  30^  biotite,  Z% 
chlorite,  <^  ouscovita  and  5^  albite.  Because  untwinned  albite  may  be 
mistaken  for  quartz,  the  feldspar  to  quartz  ratio  may  be  somewhat  higher. 
Minor  actinolite,  magnetite,  and  granular,  colorless  to  pale  yellow  epi- 
dote  are  present  in  some  thin  sections,  and  one  specimen  contains  more 
than  25  percent  carbonate  (Plate  25).  The  quartz  and  feldspar  grains  are 
equant  and  less  than  0.1  mm  in  diameter.  The  biotite  occurs  in  shreds 
up  to  0.2  mm  long,  and  exhibits  yellowish  brown  to  greenish  brown  pleo- 
chroisffl.  The  chlorite  laths  are  less  than  0.1  mm  long,  and  are  rleochroic 
from  neutral  to  pale  green. 


PLA.TE  25 
Photomieroerapha  of  Murdook  •chiat 

A.  Thlu  sectiea  shovlni;  intricate  crenulaited 

flow  cleavage  (hori?,>jatal)  in  a  speciiaea  of  Hurdoak  achist. 
Note  faint,  ateeply  dipping  fracttire  cleavage.  Coopoaed 
eaaentialljr  of  chlorite  (light  gray),  biotite  (dark  gray), 
carbonate  (wuite).  and  magnetite  (hlack).  Ordinary  light, 
X20. 

B.  Thin  aection  showing  folded  flow  cleav&ge 
(horiaontal).  Hote  the  fracture  cleavage  parallel  to  the 
axial  plane  of  the  soall  fold.  Ordinary  light,  X20. 
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She  dilorite-albite-actluolite  schiste  have  fine-grained, 
greenish  gray  fresh  s\i3*f&ceft  and  gray  to  hrown  weathered  surfaces.  Some 
outcrops  show  relic  pillows  and  pyroclaetic  textures.  Typical  specimens 
contain  approxiciately  45^  actinolite,  JOj,  albite,  l'j%   chlorite,  10^ 
clinozoisite,  and  minor  sphene,  ma^etite,  and  leucoxene.  Both  actino- 
lite and  chlorite  are  pale  green  and  slightly  pleochroic.  The  albite 
occurs  as  clear,  anhedral  grains,  and  the  clinozoisite  forms  gr&n\ilar 
clusters.  Sphene,  magnetite,  and  leucoxene  compose  as  much  as  10  percent 
of  some  specimens  (Plata  25B). 

The  massive  rocks  are  fiaS'*  to  medium-grainod,  and  are  composed 
mostly  of  saussuritized  plagioclase  and  \iralitized  pyroxene.  They  are 
tough,  greenish  gray,  rusty  weathering  rocks  which  closely  resemble  the 
gabbros  associated  with  the  Knob  Lake  and  Doublet  groups. 

Origin 

Relic  bedding  in  the  chlorite-biotite-quartz  schists  indicates 
a  eedimsntary  origin.  The  mineralogy  of  theee  rocks  suggests  derivation 
from  immature  pelitic  sediments  or  tuffs.  Eolic  pillow  structures  and 
piyroolastic  textures  in  the  chlorite-albite-actlnolite  schists  demonstrate 
derivation  from  volcanic  rooks,  and  the  mineralogy  suggests  an  original 
basaltic  composition  for  the  altered  rocks. 

Prarey  (195^)  reported  outcrops  of  conglomerate,  containing 
pebbles  of  chert  and  iron  formation,  at  the  base  of  the  Hurdook  group  in 
the  Willbob  area.  He  cited  this  occurrence  as  evidence  for  an  unconform- 
ity between  the  Knob  Lake  and  Murdock  groups.  The  Murdock  conglomerate 
was  not  observed  in  the  Marion  Lake  area,  but  because  of  the  relationship 
observed  by  Frarey,  the  Murdock  group  is  here  regarded  as  younger  than 
the  Henihek. 


77 


Slsrllarity  In  mlneialogy  of  Mtir^ock  end  Doul)let  roo^c  (Ts.bl9  1?) 
ftug^ets  that  Murdock  recka  aslght  "be  echistose  Doutlet  equiralpnte,  Wt 
fcttituds  determljiatioaB  In  the  Killbnl)  area  {Vrtrey,   195iv)   pho*f  tk«t  the 
Itxa'cLock;  is  &  ucuccliiial  sequscce  facing  northeast.     Because  lowermost 
Doublet  Tolcanlc  rocks  in  the  Marlon  Lake  area  also  face  northeast,   equiy- 
alence  of  Doublet  and  Murdock  groups  would  require  repetition  by  najor 
faults  for  which  there  is  no  eTidence. 

liOUBIET  OHODP       , 

Bocks  of  tho  Doublet  group  underlie  about  one-h»lf  of  tha 
Marlon  Lake  area.     A  sediBent&ry  sequence  less  than  3000  feet  thick  com- 
prises the  lower  part  of  the  group;  the  upper  part  is  a  volcanic  sequence 
with  a  thickness  of  aore  than  10,000  feet.     The  Doublet  volcanic  rocks 
occupy  a  bait  which  probttbiy  ieriuiaates  juai;  south  of  Hoyotirt  I^hJo*,   but 
which  extends  more  tlian  80  aiies  northwest  of  tlie  BK-p-arse..     Similar 
volcanic  roclcs  huT*  been  aappsd  in  the  viciaity  of  t^e  Inarch  Siver,   250 
allies  northwest  of  Marion  Lake  (Sauve,   1957). 

Doublet  Sedimentary  Eocks 

Bads  of  q-jartaite,   slate,  anc!  arglllite  constitute  the  ba-ial 
sequanca  of  tha  Doublet  group.     These  rocks  aro  beot  exposed  north  of 
Link  cixid  M033  Lakes,  and  on  the  iirsbs  of  the  folds  wMch  flank  Lac  La 
Touoha.     A  few  thin  slaty  and  tuffaasoua  beds  are  intercalated  with  the 
pillow  lavas,   but  are  not  shown  on  the  aap. 
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Doscrlptlon 

Noat  of  the  qiiartzites  are  laaBsiTe,  fine-  to  coarBe-grained, 
light  gray  to  greenish  gray  rocks  which  weather  white  to  rusty  brown. 
Bedding  is  commonly  ohsoure  or  absent,  but  in  some  of  the  finer-grained 
quartz ites,  black  shaly  partings  mark  distinct  planar  beds  ranging  frois 
1  to  5  am  in  thickness.  Planar  cross-beds  as  ouch  as  2  cm  thick  ocoxur 
in  some  of  the  qoartzites,  and  delicate  undulatory  structures,  with  an 
anplitude  of  1  to  2  niQ  and  wave  lengths  of  5  to  15  mm,  were  observed  in 
the  fine-grained  quartzites  which  crop  out  one-half  mile  north  of  Moss 
Lake.  The  undulatory  structures  occur  on  bedding  surfaces  and  may  be 
ripple  marks.  They  are  very  small-scale  features,  but  Bucher  (1919, 
p.  158,  Table  III)  recorded  modem  ripple  marks  with  amplitudes  as  little 
as  1  ma  and  wave  lengths  of  11  ma. 

(iuartz  sand  grains  compose  55  to  65  percent  of  the  qtiartzites. 
The  grains  are  smoky,  pale  blue,  or  clear  and  glassy,  and  few  are  larger 
than  1  mm  in  diameter.  Boundaries  are  delicately  sutured  due  to  mutual 
interpenetratlon  of  adjacent  grains,  but  detrital  outlines,  marked  by 
dusty  rings  within  the  serrated  margins,  can  commonly  be  seen.  Some 
grains  exhibit  high  sphericity,  but  most  are  OYOid  or  lenticular;  a  few 
have  length  to  width  ratios  of  more  than  3ll  (Plate  26).  Slightly  clouded 
grains  of  detrital  plagioclase  (mostly  oligoclase)  compose  2  to  5  percent 
of  the  q\)artzites,  and  a  few  detrital  microcline  grains  are  commonly 
present. 

Chlorite  and  biotite,  the  most  abundant  micaceous  minerals, 
oocur  as  shreds  less  than  0.1  mm  long,  strung  out  along  the  margins  of 


PIATB  26 
Photomloroerapha  of  Soiiblet  qtiartzit« 

A.  Thin  odction  of  typl^il  Doublet  qTi&rtzlte 
ehoirlBf  p«orl7  sorted,  angular  queirt*  grains.     Hoie  large 
rousd<)d  cuartxito  train.     Crossed  nicols,  X20. 

B.  Thin  section  of  arkosie  Doublet  quartzits. 
Note  strong  ondulatory  eztinction  of  ina  qu&rta  graiua. 
Crossed  iiIooIb,  X20. 
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the  detrit&l  grains.  Tlie  chlorite  ie  pleochrolc  from  light  green  to 
ollye  green,  and  the  hlotlte  Is  pleochrolc  In  reddish-  or  greenlsh-hroims. 
Pyrlte,  epldote  nmscoTlte,  leucoxene,  iron  oxides,  and  small,  well-rotind- 
ed  zircons  are  accessory  oinerals.  The  rock  fragments  include  fine- 
grained qtiartzite,  chert,  and  chloritic  shale.  The  shale  fragiaents  are 
commonly  smeared  out  along  cleaTages.   The  content  of  quartzite  fragments 
shown  in  Table  14  Is  probably  too  low,  because  such  of  the  fine-grained 
quarts  may  have  been  derived  from  quartz ite  grains  which  were  crushed 
during  metanorphisa.  The  strong  undulatory  extinction  exhibited  by  the 
quartz,  and  the  numerous  fractures  in  the  rocks  support  this  view. 

The  modal  cciiposition  of  three  quartzitee  are  shown  in  Table  Ik. 
According  to  Petti John's  classification  (1957,  p.  291),  the  rocks  are 
lithic  sanastones.  The  cheiaical  composition  of  a  Doublet  quartzite  is 
shown  in  Table  15>  As  in  lithic  sandstones  from  other  areas  (Pettijohn, 
1957*  p«  319) .  magnesia  exceeds  lime  and  soda  exceeds  potash.  The  sample 
has  the  following  normative  composition: 

q,uartz      68.7  Huscovite   1.6 

Oligoclase  17.3  Sphene     0.4 

Chlorite    11.8  Calcite     0.2 

Histograms  of  size  frequency  dlBtributions,  calculated  from 
thin  section  measurements  (Appf^ndices  A  and  B) ,  are  shown  for  two  Doublet 
quartzites  in  Fig.  9«  The  samples  have  coarse  sand  modal  classes  (0.5  ** 
1  am) ,  show  fair  sorting,  and  are  skewed  towards  the  coarse  size  grades. 
Because  there  is  evidence  of  crushing  and  recrystallization  in  the  sam- 
ples, the  original  distributions  probably  included  coarser  grades. 


Tig.  9 

Site  hletograas  for  tvo  Doublet  quartzltes,    showiiac 
the  ec floated  Yolxune  percent  dlstributioa  of  detrit&l  ffraini. 
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TABLE  1,5 
Cbemioal  Compoeition  of  a  Doublet  (^rtzite* 


SiO,^ 

83.8 

TlOg 

0.2 

AI2O3 

6.5 

0.7 

F«0 

3.25 

MnO 

0.0 

HgO 

1.5 

flnO 

0.9 

HapO 

2.0 

Kg© 

0.2 

V 

1.22 

P2O5 

0.0 

«2 

9A0 

Total 

100.4 

•Sample  57-2 lOA 
Analyst:  G.  Bender,  &eol.  Sutt.  Canada 

Origin  and  pe-poflltional  EnTlrpnaent 

Fair  sorting,  croes-'bedding,  and  possible  ripple  marks  of  the 
Doublet  qviartzltes  indicate  shallow  water  deposition.  Similar  lithic 
sandstones  are  interpreted  as  continental  or  shallow  marine  deposits 
(Krynine,  ly^;  Siever,  19^;  Pelletier,  1956).  According  to  pettijohn 
(1957*  P*  62),  lithic  sandstones  belong  to  the  realm  of  j^aralic  sedimen- 
tation, which  implies  intense  terrigenous  allUTiation.  The  mineral  and 
chemical  compositions  of  the  Doublet  quartz ites  reflect  IminatTirity,  in 
keeping  with  this  concept.  They  are  therefore  interpreted  as  derivatives 
of  sands  which  were  subjected  to  a  short  but  vigorous  transport  and 
deposited  in  a  fluviatile,  lacustrine,  or  shallow  marine  environment. 


Slats  aud  A.ir^illito 

DeBcrlption 

The  Dontl^t  aietes  art  eootv  'bluc!'C,  s^'J"  *•*  ro-tty  woafcherio^ 
apbanitio  rocka.     Pap^er-thin  teds  ar'3  visible  on  the  ««.«.th9r(?d  aijirfecea 
of  Qooe  Bjacliieas,   Imt  cliavaja  co-'siionly  niB-^ka  tlie  'baddlng,     Oiily  qTaar*?, 
which  occurs  as  (gralEs  Irsb  than  O.Cl  mn  in  diaaetar,   can  ha  ^^cflritaly 
Idsaijlfl'id  in  thia  aectlou.     Oihor  niaeral  grainfl  arc-o  only  a  fow  laicrons 
in  diameter,   and  are  falted  togother  In  an  ex-trsuolj  fina-grainod  inter- 
growth.     X-ray  diffractloa  patterns  of  soToral  s.rclnons  show  th"*  presenoa 
of  ahondant  -itiart.i  end  2M  .mucovite.     Minor  ohlopi^^e,   plagioalaa*  and 
iron  oxidea  wcrs  datactad  in  all  apaciaen*.     The  chsaical  ooaposltioa  of 
a  typical  Douhlat  aluto  is  shown  in  Ta"!)lo  l6,     Th«  saaple  has  a  nornal 
silica  content,   h-it  i3  aot=.l)ly  hijsh  in  ferrooLS  iron,  «»nd  lo^  in  liae. 
The  eaiapla  has  tha  follcwl'ig  norTwatlva  oorapositiua: 

MMujovitu  31»6  Splwne  ,3 

quartz  30.  *♦  Ilaenits  .^ 

Chlorita  I6.9  Calcite  .2 

AID its  10.2  Carhon  .2 

Iron  Oxide  9. 3 


Origin  and  De-poaitional  EnTiromsent 


Tha  fine  grain  size  and  thin  laainntion  of  thn  Boublat  slaty 
rocks  indicate  rela.fciT'elj  qiiiot  water  deposition.     Bacauao  thay  are  inter- 
h<9dded  with  lithic  aandatonafl  of  flxiYiatila,    l=.cn3trino,    or  ohiillow  water 
narine  deposits,    the  slates  prohably  formed  in  similar  environments  during 
periods  of  quiescence. 
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TABLE  16 
Cbemlcal  CompoBition  of  a  Doublet  Slate* 


SlOg 

57.6 

TiOg 

0.4 

AI2O3 

15.2 

^«2°3 

1.2 

7e0 

13.^ 

MnO 

0.0 

MgO 

3.2 

CaO 

0.2 

HagO 

1.2 

KgO 

3.8 

H^O 

4,22 

P2O5 

0.0 

CO2 

0.09 

C 

0.23 

Total 

100.0 

•Saaple  57-119A 
Analyst:  K.  Hoops,  Geol.  S\irT.  Canada 

Doublet  Volcanle  HockB 
peBcrirtlon 

Tjrploal  Tolcanlc  rocks  of  the  Doublet  group  are  greenish  gray 
and  weather  light  gray  to  pale  yellowish  green.  They  are  rery  fine- 
grained, tough,  end  even-textured.  Many  specimens  show  faint  to  well- 
deTeloped  flow  cleavage,  and  some  exhibit  a  prominent  fracture  cleavage. 

Pillows  are  present  in  more  than  80  percent  of  the  mapped  out- 
crops. Most  pillows  are  less  than  6  feet  long,  and  many  are  less  than 
3  feet  long,  but  several  more  than  20  feet  long  were  observed  north  of 
Byan  Lake.  According  to  Wilson's  classification  (19^1)  most  of  the  pill- 
ows are  balloon-  and  loaf-shaped,  but  matress-  and  bun-shaped  pillows  are 
abundant.  The  pillows  fit  closely  together  and  the  shapes  commonly  provide 
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a  relialjle  indication  of  flow  tot)8  (Plate  27A).  Most  pillow  selvagee 
are  1  to  3  cm  thick,  and  are  conmonly  darker,  but  weather  lighter,  than 
the  pillow  interiors.  Cayities  in  the  upper  portions  of  pillows  also 
provide  a  top  and  hottom  criterion  (Plate  2TB),   and  proyad  to  he  an  In- 
Taluable  aid  to  mapping,  Sauve  (1957*  p.  ^^-^)  reviewed  the  theories 
of  origin  for  pillow  oavitios  and  concl\ided  that  the  pillow  voids  can 
fora  by  contraction  during  cooling,  sagging  of  the  lower  portions  of  the 
pillows,  aggloiieration  of  gao  bubbles,  capture  of  extraneous  water,  the 
draining  out  of   liquid  lava,  or  some  combination  of  these  proeecsec. 
Most  cavities  are  einpty,  but  in  places  where  quartz  veins  are  abundant 
(particularly  north  of  Most  Lake  and  west  of  Geuthier  Lake),  the  cavities 
are  oonmonly  occupied  lny  quarts.  Quarts  and  ainor  chert  also  occur  in 
pillow  interspaces. 

few  flow  thicknesses  can  be  accurately  determined  because  the 
seoriaceous  tops  weather  iccra  rabidly  than  the  central  and  basal  portions 
of  the  flows,  forming  valleys  identical  in  appearajice  to  valleys  con- 
trolled by  strike  joints.  On  several  hill- tops  in  the  northern  part  of 
the  oap-arba,  however,  ccmxlGte  crosi-aectlocs  cf  flows,  50  to  230  feet 
thick,  arfj  exposed.  Three  of  these  flows  vera  traced  on.   the  .ground  for 
dista-nce  of  aiore  thas  3  icllss,  sad  in  the  interval  vsre  aeen  to  maintain 
very  uniform  thickn^fsss,  Flow  tops  aarked  by  xerellel  ^illeys  g9.c  be 
traced  for  even  greater  dietancee  on  aerial  photographs. 

Forphyrltic  pillow  Isves  crop  out  on  the  north  shore  of  Lao 
Qeuthler,  on  the  east  shore  of  Lee  Cbprny,  and  in  several  places  north 
of  I*^c  la.   Tcuche.  Some  porphyritic  flows  can  be  traced  arexmd  the  noees 
of  foldf.  (see  map,  pocket  st  back).  Olomeroporphyritic  clots  of  altered 
plagioclase,  as  much  as  3  cm  in  diameter,  are  scattered  throti^h  the 
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Pillovad  Doublet  aeta'basalt 

A*  Shore  line  axposure  of  Doul}let  oetaliaBalt 
■howin«  w«ll-deTelop«d  pillow  ttruotxira.  Flow  is  right 
side  up  and  dip«  gently  avay  from  the  ohserrer. 

B.  Cavity  in  the  up^jer  portions  of  a  pillow, 
Hote  glomeroporphyrltic  dots  of  plAgioclase ,  and  well- 
developed  selyeige. 
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porphyritlc  rocks.  The  clots  are  eirideiitly  of  intratellurio  origin, 
laecause  some  of  thea  occur  in  the  davitrified  selvages  (Plate  27B) . 

A  few  thin  tuffeceous  and  pyroclastic  layers  are  intercalated 
with  the  flows  south  of  fiyuii  Lake,  northwest  of  Lac  Oauthior,  and  north 
of  Lac  La  louche.  The  tuffs  are  schistose  chloritic  rocks  which  contain 
a  few  water-worn  volcanic  po^bles.  The  pyroclastic  rocks  consist  of 
irregular,  angular,  pale  groen  to  "buff  fragments,  less  than  4  Inches  long, 
in  an  aphanitic,  greenish  black,  chloritic  matrix. 

Excellent  coluxonaA-  Joints  can  be  seen  in  soaie  of  the  massive 
flows  (Plate  26a),  and  a  steeply  dipping  120  foot-thiclp  flow  which  crops 
out  three  miles  north  of  Lao  La  loTiche  shows  well-developed  two-tier 
Jointing.  The  lower  tier  columns  are  6  to  15  inches  in  diameter  and  the 
upper  tier  oolu^ins  are  10  to  30  iiushes  in  diaawter  (Plate  28B,  28C}. 

Plagioclase  in  the  volcanic  rocks  oeours  as  laths  less  than  1 
SUB  long.  In  loassive  speoiaens,  the  laths  are  randomly  oriented  and  form 
a  network  enclosing  the  other  oiuerals  (Plate  29A),  suggesting  that  the 
original  texture  was  probably  intergranxilar  or  intersertal.  In  specimens 
showing  well-developed  flow  cleavage,  origii^l  tezturss  cannot  b&  recog- 
nized because  of  mineral  growth  in  the  cleavage.  Varioles,  less  than  0.5 
om  in  dianeter,  are  abundant  in  the  uargins  of  some  pillows  (Plate  29B). 

Composition  and  Origin 

Albite,  actinolite,  chlorite,  elinozoisite,  and  sphene  are  abun- 
dant minerals  in  most  of  the  Doublet  volcanic  rocks.  The  albite  and  fine, 
granular  elinozoisite  pseudomorph  original  calcic  plagioclase,  and  both 
actinolite  and  chlorite  replace  pyroxene.  Magnetite,  ilmenite,  leucoxene, 
quarts,  and  calcite  are  commonly  present  in  small  amounts.  Chlorite  and 


PLATE  28 

ColUBinar  Jointiof  in  Doublet  oetabaealt 

A>  ColtunnB  are  Tertical,  Indicating  horiiontal 
attitude  of  the  flow  at  this  location.  Lao  Tantouin  in 
the  hackground* 

B.  Colunmar  Joints  in  a  steeply  dipping  flow  of 
Doublet  metabasalt.  Easuaer  on  one  of  the  coliimns  indicates 
soale. 

C*  Base  of  a  near-rertical  flow  of  Doublet  metaba- 
salt. Note  oross-seotlons  of  columnar  Joints  in  the  Ticinity 
of  the  bamaer.  These  are  lower  tier  ooluans  (coiapare  size  to 
A  and  B). 
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Photomicrographs  of  Doublet  metahasalt 

A*  Thin  tection  ehonlnc  texture  of  typical 
Doublet  metabasalt.  Aoioxilar  lathe  of  plagioclase  in  a 
felted  mass  of  cllnosoisita,  actinolite,  chlorite,  sphene, 
and  iron  oxides.  Ordinary  lij;ht,  130, 

B.  Shin  section  shoving  yariolea  in  a  spaoinen 
taken  from  the  margin  of  a  pillow.  Ordinary  light,  X30. 


carbonate  are  abundant  alon^  shear  zones.   Approximate  modal  compo«ltlon« 
of  two  Doublet  metabasalt  speoloene  are  shown  in  Table  1?,  and  the  chem- 
ical composition  of  a  Doublet  metabasalt  sample  from  the  Willbob  Lake 
area  (Frarey,  1954),  is  shown  in  Table  18.  The  sample  is  similar  in  oora- 
position  to  Hockold's  average  tholeiite  (Table  9).  Soda  and  titania  con- 
tents are  somewhat  low,  but  this  may  be  atypical  for  DoTiblet  roetabasalts 
in  the  Marion  LaKe  area  (note  high  albite  and  spb-sne-leucoxene  contents. 
Table  17). 

TABLE  17 

Modal  Composition  of  Doublet  Metabasalt 
(Volume  percent,  based  on  600  points  for  each  specimen) 


^7-i8?A 

57-22 lA 

Albite 

30.3 

27.3 

Actinolite 

47.2 

^5.5 

Chlorite 

2.5 

6.8 

Clinozoisite 

15.2 

16.3 

Sphene,  Leucoxene 

4.8 

3.^ 

Iron  Oxides 

..  . 

0.7 

The  Doublet  metabasalts  record  a  long  period  of  remarkably 
uinif  orm  rolcanio  actiylty  in  the  history  of  the  I^brador  Trotigh.  Abun- 
dant pillow  structures  indicate  subaqueous  eztrusion  for  at  least  80 
percent  of  the  volcanic  rocks.  Those  flows  which  exhibit  columnar  joint- 
ing, and  particularly  the  one  which  shows  two  tier-columnar  Jointing, 
may  well  have  erunted  sub-aerially.  Because  individual  flows  are  exten- 
sive and  of  uniform  thickness,  the  magma  oust  have  been  very  fluid. 
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fkELS   18 
Chemical  Composition  of  Doul)let  Metabasalt* 


SiOg 

49.86 

TiOg 

0.53 

AI2O3 

15.07 

l0;Pj 

2.39 

PeO 

9.63 

Mz£ 

0.37 

M«0 

6.3^ 

H.2O 

1.76 

I2O 

0.43 

HgO  + 

3.18 

V- 

0.34 

P20, 

0.20 

«»2 

Tr. 

8 

.„P,r,.l,5 

Total 

99.89 

*Compo8ite  sample,  Willbob  area  (M.  J.  Frarey). 
Analyst t  R*  C.  Farby,  aeol.  Surv.  Canada 

IKTEUSIVE  ROCKS 

HTimeroua  sills  of  slightly  to  eztensively  metamojrphosed  gabbro, 
diorite,  quartz  diorite,  peridotite,  and  related  rocks  crop  out  in  the 
western  half  of  the  area.  Hany  sills  appear  to  be  more  than  1000  feet 
thick,  bat  the  presence  of  sedimentary  layers  between  adjacent  sills 
north  of  Link  and  Moss  Lakes  strongly  suggests  that  unexposed  sediaentary 
septae  may  also  occur  within  the  bodies  which  have  been  mapped  as  thick 
tabular  gabbroic  units.  All  contacts  observed  in  the  field  are  sharp  and 
parallel  to  the  bedding  of  the  intruded  sedimentary  rocke.  The  only  known 
discordant  intrusion  is  the  gabbro  body  which  transects  the  Denault  for- 
mation. 

Host  of  the  sills  are  bounded  by  sedimentary  rocks,  but  a  few 
coarse-grained  gabbroic  layers  are  associated  with  the  Doublet  and  Zeco 
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aetalsaealte.  PoB8ll>ly  some  of  the  f ina-gralned,  maflslTe  greenstonee 
which  were  mapped  as  flows  are  actu&lly  intxnxaive  rocks.  The  sills  form 
prominent  ridges,  and  where  drift  cover  is  thin,  their  continuity  and 
nniform  thickness  can  be  readily  seen  in  aerial  photographs. 

Planar  joints  parallel  to  sill  contacts  (Plate  30A) ,  and 
coopositional  layering,  also  parallel  to  sill  contacts  (Plate  30B) ,  indi- 
cate emplaceiaeut  prior  to  folding.  The  concordance  of  the  sills  further 
substantiates  horizontal  9PJ|.)lacement;  post-folding  intrusions  would 
certainly  favor  zones  of  structural  weakness.  Finally,  shear  zones  within 
the  sills,  particularly  near  the  axial  planes  of  folds.  Indicate  that  the 
sills  have  been  folded. 

G&bbro 

Description 

The  gabbro  is  typically  a  to\jgh,  massive,  medium-grained  rock 
showing  well-developed  ephitic  texture  (Plate  31).  It  is  gray  to  green- 
ish gray  on  fresh  surfaces  and  rusty  brown  to  dark  gray  on  weathered 
surfaces.  The  major  primary  minerals,  augite  and  labradorite,  are  exten- 
sively altered  to  actinolite,  chlorite,  albite,  and  clinozoisite.  Magne- 
tite-ilmenite  intergrowths  are  pseudomorphed  by  leucoxene  and  chlorite. 
Serpentine,  epidote,  qoiartz,  and  pyrite  are  the  only  other  important 
ffliner&ls. 

The  porphyrltlc  gabbro,  which  crops  cut  north  of  Lean  lake, 
west  of  Marion  Lake,  and  in  the  northwest  corner  of  the  area,  contains 
abundant  greenish  white  glomeroporphyritic  clots  of  altered  calcic 
plagioclase  la  A  dark  green,  fine-grained  matrix  of  chlorite  and  actinolite, 


PIAIE  30 


Joiatlne  and  oompoaitional  La/erlsic 
In  intruilve  rooks 


A.  Vell^dereloped  rertical  jointa  In  a  ^l>bro 
sill  northwest  of  Marion  Lake.  The   Joints  are  parallel 
to  the  sill  contacts. 

B.  Compositional  layering  in  a  ^abbro  sill  east 
of  Lean  Lake.  Lifht  gray  porpbTTitic  gabbro  interlayered 
with  fine-grained  dark  gray  gabbro.  Layering  parallels 
sill  contacts. 
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pun  31 

Oa'b'bro  and  porphgrritlo  gabliro 

A.  Thin  seotion  showloc  ophitle  texture  of 
typical  g&ljibro.     Crossed  nicole,  X8. 

B*  Hand  Bpeoimen  of  porphyritic  ^bbro. 
Hote  aauBsuritiKation  of  soned  plafioeXase  phenocrysts. 
(XI). 


The  stibspherlcal  clots  range  from  0.05  to  10  cm,  and  average  2  cm  in 
diameter.  In  some  exposurea  they  coiiipose  ncre  than  75  percent  of  the 
rock.  The  porphyritic  gabhroa  probably  are  intrusive  equivalents  of  the 
porphyritic  I'oublet  volcanic  rocks, 

Augite  and  Bstiasurltized  labradorite  are  abundant  in  the  cent- 
ral parts  of  the  thick  sills  west  of  Moss  Lake.  7he  eugit-a  shows  faint 
pleochroisiB  from  neutral  to  pale  brown,  and  pr'^iniaent  (IOC)  parting  can 
ooBmonly  be  Cfjen  in  basal  etjctions.  Some  largp.  augite  crystals  exhibit 
slight  zoning,  having  a  (+)2V  of  about  60°  at  the  core  and  lass  than  5^° 
at  the  riffl.  The  labradorito  occurs  as  narrow  euhedral  and  subhedral 
laths  less  than  3  duo  long.  Broad  albite  twin  laa?llae  are  viuible,  but 
are  partially  masked  by  clinozoisite. 

In  most  sills,  augite  has  been  pseudomorphed  by  actinolite  and 
chlorite,  and  labradorite  by  an  almost  opaque  intergrowth  of  clinozoisite 
and  albite.   Single  crystals  of  actinolite  commonly  pseudomorph  single 
pyroxene  crystals.  The  actinolite  is  pleochroic  from  neutral  to  pal« 
bluish  green.  Optic  properties  include:  (-)2T  «  75°  *o  80°;  z       C  ■  15°. 
The  chlorite  occurs  in  fibrous  sheaths  intimately  associated  with  the 
actinolite,  and  also  takes  the  place  of  "tegnetite  in  pseudoraorphed  naene- 
tlte-ilaenite  intergrowths.  Some  chlorite  exhibits  anomalous  bltie  inter- 
ference colors,  but  most  has  a  low,  normal  birefringence.  Both  types  are 
pleochroic  from  pale  yellow  to  yellowish  green,  pale  greenish  brown 
sei>pentlne,  possibly  an  alteration  of  enetatlte,  can  be  seen  in  some  thin 
sections.  Clear  albite  rims  most  of  the  extensively  saussuritized  calcic 
feldspars.  Euhedral  grains  of  epidote,  as  much  as  0.5  ^m   in  diameter, 
occur  in  some  gabbros,  but  the  very  fine-grained  clinozoisite  which  clouds 
the  plagioclase  grains  is  more  abundant.  Clear,  anhedral  grains  of  quarts 
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oocup7  Interspaces  between  plagloclase  laths,  and  are  obviously  of  pri- 
mary origin.  Intergrowths  of  magnetite  and  llmenlte,  now  replaced  b7 
leucoxene  and  chlorite,  also  form  anhedral  patches  bounded  by  pla^-loclase 
lathe,  Oranular  pyrite,  chalcopyrlte,  and  pyrrhotite  are  dlesemioated 
through  some  of  the  gabbros.  Tiny  apatite  euhedra  occur  in  the  quarts- 
rich  portions  of  the  sills.  Thin  velnlets  containing  qiiartz,  chlorite, 
epldote,  calolte,  and  prehnlte  are  abundant. 

Table  19  shows  the  modal  compositions  of  some  representatlye 
gabbrolc  rocks.  The  chemical  composition  of  a  relatively  fresh  gabbro, 
calculated  from  the  aod&l  composition.  Is  shown  in  Table  20» 

TABLK  19 
Modal  Composition  of  Some  Hetagabbro  Specimens 


57-^2^ 

•;7-iiQA 

57-na^ 

•;7-122H 

57-13N 

Auelte 

26.8 

▲ctlnollte 

■1  «k 

39.5 

52.0 

3^.2 

31.4 

Labradorite 

25.1 

— 

Alblte 
Cllnozolslte 

'  15.3 

38.3 

3^.8 

J^.6 

i»9.1 

Epldote 

3.9 

— 

2.3 

3.5 

— 

Serpentine 
Chlorite 

17.9 

J 

7.8 

6.4 

5.9 

15.8 

(Quartz 

5.3 

5.2 

1.8 

6.7 

1.6 

Pyrite 

2.0 

1.5 

— 

1.5 

0.9 

Leucoxene 

3.7 

6.9 

2.7 

3.6 

1.2 

Apatite 

» 

* 

-  - 

• 

• 

*Les8  than  0.2  percent. 
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TABLE  20 


Chemloil  Composition  of  a  ftabbro  Specimen,* 
Calculated  from  Modal  Composition 


S102 

^7.3 

TiOg 

2.5 

AI2O3 

16.4 

fe^Oj 

2.7 

FeO 

7.4 

HiO 

8.8 

CaO 

11.0 

Ha^O 

2.2 

HgO 

,  1.9 

Total 

100.0 

•Specimen  57-^3A. 

In  comparison  to  the  volcanic  rocks  (Table  9,  Table  18)  the 
gabbre  has  a  higher  content  of  line,  magnesia,  and  alumina,  but  contains 
less  silica.  HoweTer,  the  differences  are  not  great,  and  may  reflect 
only  inaccTiracies  introduced  by  the  grouping  of  albite-epldota  and  ser- 
pentlne-chlorite.  Further,  because  of  the  wide  range  in  compositions  of 
the  intrusive  rocks,  one  sample  can  hardly  be  regarded  as  representative. 

Origin 

Evidence  has  been  presented  to  show  that  the  intrusive  rocks 
were  Introduced  prior  to  folding  (p.  88).   It  is  therefore  possible  that 
the  gabbros  were  derived  from  the  same  magma  as  the  volcanic  rocks.  The 
common  occoirrence  of  glomeroporphyritlc  feldspar  clusters  in  both  intru- 
sive and  extrusive  rocks  suggests  consanguinity,  and  as  noted  above,  the 
chemical  eofflpositions  are  similar. 
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Diorlte  and  C^uartz  Diorlte 

Minor  diorits  and  ciuirtz  clorite  occur  in  the  ut^per  parts  of 
the  ^bbro  eills  within  the  Marion  Lake  group  and  in  the  upper  part  of 
the  gabbro  Bill  north  of  Lac  La  Touche,  fhese  rocks  are  liiciaded  with 
the  gabbroe  uboause  of  their  United  extent  ami  apparent  gxadational 
relationship  to  the  gabbroe* 

Pescription 

The  diorites  and  quartz  diorites  comaonly  show  the  saise  texture 
and  structure  as  the  gabbroic  rocks,  but  are  lighter  in  color,  ranging 
from  greeniah  gray  to  light  gray,  Al'tilte  ooniposes  as  rauch  as  60  percent 
of  these  rocict,  but  clinosoisite  la  lainor,  su^^estin^  alternation  of 
relaiiroly  aodic:  plagioclaae.  A   typical  diorite  has  the  following 
coitposition:  ^S'^   albite,  JQ^   actinollte,  10^  chlorite,  55?  olinozoisite, 
55b  quarts,  2%   sphene,  Z^   asagnetlta,  and  If   apatite.  A  typical  qtiartc 
diorite  contains:  55^  albits,  255S  cuartz,  10^  actinollte,  5^,  clinozoisite, 
3^  oagnetlte,  25I  apatite.  The  quartz  diorites  commonly  show  aicrographlc 
intergrowths  of  quartz  and  feldspar,  and  some  contain  small  amounts  of 
sericitized  micrccline. 

Orij^in 

Occiurence  of  tho  diorita  end  quftrtz  <liorlte  .'it  the  tops  of 
gabbro  sills   atrougiy  suggests  differentia biou  in  place.     Bvid«nce  for 
separate)  introniioa  is  ldcki.ng,  uad  similarity  of  textiire,    stinicture,  and 
mineralogy  support  the  differentiation  hypotheei*. 


93 


Serpentinlzed  Peridotlte 

The  ultraoafie  rocks  which  crop  out  on  ridges  in  the  vicinity 
of  Lac  La  Totiche  form  part  of  a  belt  which  terminates  in  the  Karion  Lake 
area,  hut  extends  northwest  more  than  60  miles.  Cistrihutlon  of  the 
ultramaf io  rocks  indicates  concordance  with  the  Dooblet  rocks  and  the 
associated  ^bhro  sills.  Compositional  layering  and  planar  stri'-ce  Joints 
are  parallel  to  oont£u:ts  and  several  conformable  contacts  are  exposed  in 
the  field. 

A  body  of  ultramafic  rock  also  crops  out  a  few  miles  southeast 
of  Lac  Eucelai.  Ho  contacts  are  exposed,  but  its  restrict  d  occurrence 
suggests  unconformable  relationship  to  the  Doublet  metayoleanie  rocks. 

Description 

The  Tiltramafic  rocks  near  Lae  Lk  Touche  are  e::tremely  tough, 
fine-  to  sediuQ-grained,  and  massiye.  They  have  greenish  blec^  fresh 
surfaces  and  orange-brown  to  dark  brown  weathered  surfaces.  Olirine  is 
present  in  the  central  part  of  the  sills,  but  in  most  places  it  is  com- 
pletely replaced  by  serpentine,  Tremolite  is  abundant  at  the  borders  of 
the  ultranafic  sills,  and  because  of  its  resistance  to  weathering,  it 
stands  out  in  relief  with  respect  to  the  enclosing  serpentine. 

The  original  texture  is  well-preserved,  and  excellent  psetido- 
aorphs  of  olivine  are  visible  in  thin  section.  The  olivine,  which  com- 
posed as  much  as  70  percent  of  the  rocks,  is  extensively  to  completely 
replaced  by  antigorite,  serpophite,  and  magnetite.  The  psexidomorphs  are 
0.25  to  3  IBB  in  diameter,  and  although  moat  are  equant  and  rounded,  some 
are  distinctly  tabular  (PlAte  32A}.  Bemnants  of  olivine  grains  can  be 


PUTS  32 
pb.ototiic-''04ir»ph»  of  ultrcibftelc  rocka 

A.  Thin  section  of  serpentinized  peridotite 
from  the  sill  eaet  of  I/ic  Lt  louche.     Kot*i  allgtusent  of 
tabular  oliTiiic  pECtttLoiaorphe,      Serpophite  utitris  (blcck). 
CrosBod  nloolt,  Z12. 

B.  TreiBOlito-serptontiuc  rook  frou  ezposure  ft&st 
of  Leo  Bucelai.     Crosced  uiccls,  XI2. 
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seen  in  epecinene  fros:  the  central  pertr.  of  the  glllp.  The  entl^orite  ie 
fitroue  end  lieji  cppRrcntly  grown  Inward  fron  the  ssRrginf!  of  the  olivine 
prslns.  PstchftB  of  trpnolite  needier  conmonly  occta*  in  the  peendomorph 
corec.  The  ssef-netlte  occnre  In  networks  within  the  olivine  peeudomorphe 
8c  rounded  euliedrsl  ^rrelne  leee  then  0.1  mn?,  in  diameter.  Pftle  green,  near- 
Ifotrcplc  terpentine  ( eerpophlte)  ie  ehnndsnt  In  meet  epeclmenH. 

Trend Ite  convpoeee  Bore  tlian  6o  percent  of  epecimene  from  horder 
sonec  of  the  eills.  It  occurs  cs  equent  greine,  ee  isuch  es  2  cia  In 
dler.eter,  which  are  probably  psendomornhE  after  pyroxene.  Most  of  the 
treraoitto  Is  colorler.f-,  but  some  ehowe  feint  green  pleochroiem,  indicating 
that  it  ir  ectinolitlc.  Brown  hornblende,  c  minor  constituent  of  moet 
ultrpbrelc  npeclmenr.,  ehows  etrcng  pleochroiee  from  colorlees  to  reddish 
brown,  Mergincl  e Iteration  to  tremollte  le  common,  A  fibrous  pink  to 
yellowish  chlorite  "fhich  rhowe  cnon»loup  blue  interference  colors  le 
prer,ent  in  smell  erootmte. 

Modrl  conspoeitionff  of  two  ul.tr6baelc  rocke  are  ehown  in  Table 
21,  end  the  ch^raicel  compoBltion  cf  an  ultrebeslc  sanTple  from  the  adjoin- 
ing Griff is  LBke  eree.  (Fahrig,  1953.  p.  ^6)  i»  ehown  In  Table  22   (A). 
To  better  compare  the  sample  with  Sockolde*  »verB,ge  peridotite  (C)t  the 
water  of  raetemorphisoj  hee  been  deleted,  and  the  ojrides  recalculated  to 
total  100  percent  (B).  The  Oriffia  Lake  sample  differs  from  the  average 
peridot! te  in  having  &  higher  alumina  content,  but  the  silica,  total  iron, 
magnesia,  lime,  and  alkali  contents  are  similar.  The  mineralog/  of  the 
specimens  shown  in  Table  21  does  not  reflect  a  high  alumina  content, 
suggesting  that  the  &riffls  j^ake  sample  may  have  contained  feldspar, 
augite,  or  other  aluiainous  minerals. 
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SABLE!  21 


Kod&l  Coapositioiii  of  Ultra'b&jic  Spociaens 
(Toltiine  percent,  based  on  800  polnta  for  each  Bpecimen) 


57-2'?^ 

17-259 

Antigorlte 

59.2 

35.1 

Serpophito 

12.0 

9.3 

Tremollte- 
Aetinollts 

14.3 

41.3 

Brown  Horn- 
blende 

8.0 

5.9 

Chlorite 

3.9 

1.2 

Magnetite 

2.6 

7.2 

The  ultrahaslo  rock  southeast  of  Lac  Kucelai  coneists  mostly 
of  tremollte  and  serpentine.  It  lacks  the  pseudomorphie  texture  so  well 
shown  by  the  Lac  ha.  Touche  tiltrabasic  rocks,  showing  instead  a  well- 
developed  nematoblastio  textvire  (Plate  32B)« 

Origin 

She  ultraaafio  rocks  near  Lac  Lb  Touche  possibly  comprise 
discrete  sills,  but  thoir  didtribation  with  respect  to  the  associated 
gabbroic  rooks  sTJiggests  that  they  form  the  lower  portions  of  differenti- 
ated sills.  The  1500  foot  thick  tabular  body  which  borders  Lac  La  louche 
must  consist  of  at  least  3  aillfl,  because  two  bands  of  sedimentary  rook 
crop  out  within  it.  Beoaut)©  of  thick  slfieial  cover,  however,  tha  lndl~ 
vidual  sills  could  not  b'i  j'Japped, 
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7ABI2  Z2 


Chnnlail  Ooajosltloa  of  aa  UI^t'ab39l«3  Samjle 


2 
TIO2 

AlpO^ 

MnO 

>3gO 


2 

H.0  - 
2 

«>2 


A 

3 

G 

38.65 

42.0 

43.54 

.34 

0.3 

0.81 

6,59 

7.2 

3.99 

4,2i^ 

4.6 

2.51 

6.93 

7.5 

9.84 

.16 

.2 

0.21 

29.74 

32.2 

34.02 

3.52 

3.8 

3.46 

a5 

.2 

0.56 

ao 

.1 

0.25 

8.35 

O.B 

0.76 

,zh 

'59 

,08 

,14 

A.  CcnrporJte  SncrpJe,   G-rJfflr  Iitk«  eree. 
Analyst:   H.   B.  Witk,   EexRinlri. 

B.  GcEtple  A,    rcceicolEuCd  for  conrp&rlcon  vrith  averse;*'  poi'i<iotite. 
G.     ArcrRfre  of  23  perldotltc  crimpleF.  (Hockolds,   1954,  p.   1C23). 

Tte  TJltrBbsrle  to^y  cotttheent  pf  I/'.fi  Hncflrl  prj  ts  e  eh«E.r«d 
pnc»  recryFt'lllrefl  f«(?ie*  cf  th^  I^.c  I^  Tonche  neti^pprldctite  belt,   but 
it»  occrurrence  ftt  the  faulted  border  of  th«!  I^brs-dor  Trcofh  e\V5K*«t« 
seperst     IntruBlen. 
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Dlk«  Bocks 

A  fsv  dia'bBBe  dikes  crop  out  in  the  gneissic  terrain  east  of 
Lac  Alonce.  The  dikes  are  tabular  "bodies,  1  to  2^  feet  thick,  which 
occupy  vertical,  northwest-trending  fractures  In  the  gneiss.  Margins  of 
the  dikes  are  aphanltic  and  nelanocratic,  but  the  central  parte  of  the 
thicker  dikes  are  fine-  to  medium-grained,  meeocratic,  and  show  well- 
developed  diahasic  texture.  The  coarser  grained  rocks  exhibit  a  gray  and 
green  mottling  on  fresh  surfaces.  Weathered  surfaces  are  huff  to  grayish 
brown.  The  modal  composition  of  a  typical  dike  rock  is  shown  in  Table  23. 

TABLE  23 

Modal  Composition  of  a  riabase  Specimen* 
(Volume  percent,  based  on  800  points  for  each  specimen) 

Plagioclase  5/f,7 

Titanaugite  10.8 

Serpentine  13. 3 

Chlorite, 

Actlnolite  11.4 

Biotite  1.9 

Magnetite  7.6 

Sulphide 

Minerals  0.3 

'Specimen  4a,  one  mile  east  of  Lac  Alonce. 

Plagioclase  composes  more  than  50  x>ercent  of  the  dike  rocks. 
It  shows  progresslTe  normal  zoning  from  AAr^to  An^Q,  and  is  commonly 
clouded  by  fine-grained  sericite.  Titanaugite,  serpentine,  chlorite. 
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aotinolite,  biotlte,  and  aagnetite  are  the  other  abundant  constituents. 
The  serpentine  pseudomorphs  olivine,  and,  in  places,  remnants  of  the  oli- 
vine can  he  seen.   Chalcopyrite  &nd  pyrite  are  present  in  siuall  amounts. 

GNEISS  AM)  AMPHIBOLITB 

The  eartem  one-third  of  the  map-area  is  und<jrlain  hy  quartzo- 
feldspathic  gneisses  and  amphiholitss  which  differ  from  rocks  of  the 
Labrador  Trough  in  stnicture  and  grade  of  metamorphiSB.  Drift  cover  is 
thick  and  bedrock  exposures  aro  scarce  in  rmch  of  the  low,  swampy  eastern 
part  of  the  area,  but  there  are  sufficient  ou: crops  to  indicate  the  aerial 
distribution  of  the  gneiss  and  amphibolite  units  (see  map  in  piocket). 
Most  of  the  aophibolite  occupies  a  belt,  1  to  ;^  iBlles  wide,  which  lies 
along  the  eastern  boundary  of  the  sap-area.  The  gneisses  underlie  the 
area  between  the  amjihibolite  belt  and  the  fault  raarking  the  eastern  boTind- 
ary  of  the  lAbrador  Trough. 

Gneiss 

Most  of  the  gneisses  are  jpodiua-grained,  well-foliated,  leuco- 
cratic  to  nesocratlc  rocks  which  commonly  exhibit  a  near-horizontal  line- 
ation  in  the  foliation.  Alternation  of  biotite  layers  a  few  milliaeters 
thick  and  quartzo-feldspathic  layers  less  than  1  cb  thick  is  responsible 
for  the  foliation;  the  main  linear  elements  are  crenuJLatlons  and  aineral 
ftreaks  in  the  foliation.  Massive  to  faintly-foliated  biotite  diorites, 
included  with  the  gneiss  on  the  map,  occur  sporadically  as  nebulous,  len- 
ticxilar  bodies  as  mxich  as  100  feet  long,  elongate  parallel  to  the  foliation 
of  the  enclosing  leueocratic  rocks.  Concordant  tabular  layers,  angxilar 
Inclusions,  lenticular  schlieren,  and  irregular  nebulous  pods  of  plagioclase- 
<luartz-hornblende  gneiss  and  plagioclase-hornblende-biotite  gneiss  are 

sxifficiently  abundant  in  some  exposures  to  lend  a  migmatic  appearance  to  the 
rocks  (Plate  33A). 


PUTS  33 

Oneiesio  outorop* 

A.     Outcrop  showing  interlayercd  leueoer*tio 
and  fflelanooratic  gneiss* 

B*     Nebulous  pods  of  melanocmtie  and  bmM'- 
cratic  gneiss  snclosed  "by  leuoocratio  gneiss. 


H 


Jr 
1     J 


:  -r:'^;',-i 


^>Q 


■•  -.^^  ■ 
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The  Bchlieren  are  flattened  in  the  foliation  and  are  elongate 
parallel  to  fold  axes.  They  have  indistinct  outlines  which  Interf inger 
with  the  enclosing  gneiss.  Possibly  some  of  them  are  metamorphic  segre- 
gations, hut  because  all  stages  between  sharply  outlined  inclusions  and 
nebulous  pods  can  be  seen,  and  because  foliation  of  the  inclusions  is 
commonly  discordant  with  foliation  of  the  enclosing  leucocratic  gneiss, 
DOSt  Bchlieren  probably  originated  by  successive  disruption  of  the 
associated  tabular  bodies.  Foliation  in  many  of  the  nebuloua  pods  passes 
into  the  adjoining  leucocratic  gneiss,  indicating  incipient  replacement 
by  the  gneiss  (Plate  33B). 

The  inclusions  are  commonly  enveloped  by  a  relatively  nafic- 
free  ria,  as  much  as  3  inches  thick,  which  weathers  out  in  relief.  Where 
exich  a  rim  is  present,  the  inclusion  border  is  darker  than  the  core. 
This  relationship  suggests  that  the  halos  around  the  inclusions  are  reac- 
tion rims. 

The  quartzo-feldspathio  gneisses  characteristically  have  a 
granoblastio  to  poikiloblastic  texture  (Plate  Jkk),     Modal  compositions 
of  typical  specimens  are  shown  in  Table  24.  Plagioclase,  ^^a-ip*   •'°<*^*^* 
as  equant,  anhedral  grains  as  much  as  5  nun  in  diameter,  but  most  grains 
are  less  than  2  mm  in  diameter.  Excellent  albite  twizming  is  exhibited 
by  the  plagioclase,  and  pericline  twin  lamellae  are  present  in  some  grains. 
Much  of  the  plagioclase  contains  abundant  exihedral  inclusions  of  apatite, 
epidote,  blotite  and  zircon,  and  many  grains  contain  planes  of  dusty  inclu- 
sioaa.  Wavy  extinction  and  bent  twin  lamellae  are  common  features,  and 
in  some  specimens,  the  plagioclase  is  slightly  zoned.  A  few  plagioclase 
grains  exhibit  incipient  saussuritization,  but  most  are  clear  and  fresh. 


PLATE  34 
Photomiorosraphs  of  eneltBle  roake 

A.  Thin  section  ehowizii;  jprano'blastio  texture 
of  leucocratie  c^^iOB.  The  most  abundant  mlnarals  are 
quartz,  plagloolase,  and  blotlte.  Crossed  nieols,  Z12. 

B.  Thin  section  of  mesocratic  e^eiss  shovini; 
typical  lepidoblastlc  to  granohlastic  texture.  Abondant 
minerals  are  quartz,  pla^ioclaee,  hornblende,  and  epi- 
dote.  Crossed  niaols,  X12. 


TABIJS  ?k 

Modal  Composition 
of  SoiTie  Q,U6TtE0-rf  IflBT^tblc  due  It  »e  6 

(Tolume  percent,  tefed  on  800  jcinte  for  e?.ch  spoclKen) 


BF^B-U 

DF'SS-m 

DP58-58A 

Dr^8-6^ 

D?58-73A 

QrtartE 

26.2 

2^.8 

34.2 

43.2 

24.2 

Pla^ioclase 

59.7 

52.5 

38.8 

32.5 

64.5 

Biotite 

8.1 

13.2 

15.3 

13.4 

5.7 

Muscovite 

• 

* 

9.0 

u« 

2.1 

Chlorite 

•»  «■ 

— 

— 

Ui 



Hornblende 

•- 

3.2 

• 

^     «• 

Bpidote 

3.0 

3.8 

2.3 

6.7 

2.9 

Sphene 

o.< 

1.5 

0,4 

• 

0*6 

Apatite 

0.4 

1.0 

«•    mm 

Calclte 

<»  w 

— 

0.3 

la 

— 

Iron  Ozides 

• 

— 

• 

m   » 

— 

Pyrlte 

• 

-  • 

» 

.    .. 

_  _ 

♦Le»e  than  0.2  parcent. 

The  largeet  qtiartz  grainii  are  3  bib  in  diameter;  the  average 
size  is  0.5  0U3.  Undulatory  extinction  is  oonmon,  end  many  of  the  larger 
fraina  are  exten&ively  fractured.  Moat  grain  boundaries  are  smooth,  hut 
some  interfncee  between  qviarta  and  001  terminations  of  twinned  plagioolase 
are  sutured.  Small  ovoid  patches  of  unstrained  quartz  sieve  some  of  the 
larger  plagiool&ses.  She  quartz  islands  are  not  in  crystallograplaic 
continuity. 
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Blotlte  occurs  as  fresh  eiihedral  to  subhedral  laths  with  fibrous 
terminations.  Because  it  does  not  exhibit  bent  cleavage  or  undulatory 
extinction,  and  because  oaajr  laths  are  disoriented,  the  biotite  probably 
crew  later  them  the  strained  quarts  and  plagioclase  with  which  ^t  occurs. 
The  pleoohroic  fornmla  for  the  biotite  is:  X  ■  pale  yellow,  T  -  greenish 
yellow,  Z  "  deep  olive-brown.   There  are  dark  pleochrcic  haloa  around  tiny 
inclusions  of  allanite  and  zircon  in  the  biotite. 

Xpidote  occurs  as  euhedral  prisms  as  moch  as  2  mm  long,  but 
soaller  anhedral  grains  are  more  abxindant.   Some  epidotes  enclose  rounded 
cores  of  orange-colored  allanite  which  are  not  in  crystallographic  conti- 
nuity with  the  rims.  Sphene  foras  clusters,  less  than  1  am  in  diameter, 
which  in  most  places  are  intergrown  with  segregations  of  biotite  and 
epidote.  Blue-green  hornblende,  apatite,  zircon,  and  auscovite  are  minor 
accessories.   In  a  few  outcrops,  euhedral  garnets,  as  much  as  1  cm  in 
diameter,  occur  in  thin  bands  parallel  to  foliation  of  the  gneiss.  Large 
cordierite  grains  showing  ragged  oargins  were  observed  in  one  thin  section, 
and  euhedral  apatite,  zircon,  magnetite,  ilmenite  and  pyrite  are  commonly 
present. 

prominent  strain  features  of  the  quartz  and  plagioclase  indicate 
that  the  gneisses  were  subjected  to  extensive  cataclasis.  Biotite  and 
epidote,  however,  show  no  evidence  of  mechanical  deformation,  although 
they  mark  the  foliation.  These  minerals  probably  attained  their  present 
size  after  the  deformation,  growing  from  seed  crystals  which  were  distri- 
buted along  shear  planes  during  deformation.  The  rounded  boundaries  of 
allanite  within  many  of  the  euhedral  epidotes  may  well  mark  the  cessation 
of  oataolastic  action  for  this  particular  mineral. 

In  Table  25,  the  chemical  composition  of  a  leticocratic  gneiss 
sajople  is  compared  with  the  composition  of  Nookolds*  aveirage  muscovite- 
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Motite  ton&Ute  (195'-'',   P^    1015)  &•»*  Pettljohc'e  averite*  grajrwac'iC*  (1957, 
p.  307).     Thr  emlBc  rample  differs  froE  the  tocalltft  In  htviiif  lover 
altutilw.  snd  higher  z&gntuijs.  coRtents,  hut  It  closely  rf^Genihlse  the   tonalite 
In  tha  eontant  of  other  .'jxldoa.     Tii«  esumple  differs  acet  froa  the  gxr&y'- 
tfaekse  in  having  s.  high  tiiica  oontsct  aii<f  Tf.rj   low  iron  content.     The  pi- 
re»t  rock  of  tbs  gnelee  could  ther'sfcre  havu  been  a  ajagnteitun-rich  ^iitrtz 
diorlte  or  -an  iron-poor  tnd  flllca-rioh  grajrwacks.     If  metaBomatism  accom- 
panied metamorphisa,   other  rock  tyj^^s  could  htre  formed  the  gneiss. 

fksm  25 

Cheaical  Goi^osition  of  a  Leuoocratic  Oneist  Saaiple 

JL.  .S_  Jl. 

SIO2  71.7  70,63  6k.7 

flO^  Q*l  0.37  0.5 

AI2O3  14.1  15.69  1^1^.8 

fe203  0.3  0.86  1.5 

Feo  1.^  l.itO  3.9 

MnO  0«0  0.04  0.1 

M«0  t*0  0.83  2.2 

CaO  8,5  2.82  3.1 

HftoO  *•<  4.91  3.1 

K2O  1.0  1.68  1.9 

H2O  0.66  0.62  3.1 

P2O5  0.0  0.15  0.2 

OO2  0.32  _-j-_  1.3 

Total  93.7  100.00  100.8 

A.  Compoeita  Saiapla,   laucocratie  gueiaa  (53-65&). 
Analyst:   0.  Bender,  Oeol.   Surv.  Canada 

B.  Average  of  9  nniacovite-hiotite  tonalitos  (Hockolds,    1954,  p.   IOI5), 

C.  Average  of  23  grayvackes  (pettijohn,    1957.   p.   307). 
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Menocratic  to  nel&nccr&tlc,   ntd iUBj-grained  homblende-rlch 
gnelseee  am  Interleyfired  with  the  quartzo-feldspathio  ^elssee  in  mtny 
places.     All  gradations  from  shcrrly-def Ined  concordant  layere  to  nebu- 
lous lentictil^ir  bodies  can  be   Been  in  the  field,     The  homblondt -rich 
rocks  exhibit  lepidoblastic  textiirce  (Plate  3^;B)»  end  contain  pbtmdant 
hornblende,  plagloclivse,  &nd  qxiartz  (58-2A»  Table  26) » 

2ABLE  26 

Modal  Compoeition  of  Some  Mafic  Bocks 
Aeeoeiated  with  the  (^uartzo-Feldspathio  Gneiseee 

(TolUffle  percent  based  on  800  points  for  each  specimen) 

58-2A         58-2Q&         58-77A 


(Quartz 

17.4 

5.3 

8.9 

plagioolase 

16.9 

58.1 

20.5 

Hornblende 

5^.4 

0.5 

26.8 

Biotite 

2.9 

25.3 

38.6 

Chlorite 

2.8 

# 

4.3 

CUnozoisite 

0.4 

0.5 

Sphene 

0.3 

» 

* 

Iron  Oxides 

— 

6.3 

Pyrite 

0.8 

0.6 

0.4 

Apatite 

« 

3.8 

m 

*Le88  than  0.2  percent. 

58-ZA   Hornblende-rich  gneiss  which  is  interlayered  with  quartzo-felds- 
pathic  gneiss  (Sp.  58-lA,  Table  24). 

53-2QA  Biotite  diorite  from  a  large  massive  body  enclosed  by  leticooratio 
gneiss. 

58-77A  Plagioclase-homblende-biotite  gneiss. 
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Mesooratie,  aedltUD-  to  coarse-grained,  maaslTe  and  poorl/- 
foliated  biotlte  dlorltes  forn  pod-like  liodlee  vlthln  the  qtiartxo-felds- 
pathlo  gneisses.  Because  they  are  conformahle  with  the  enclosing  gneiss, 
axhlblt  porphyroblastlo  textures,  and  show  no  intrusive  relationship  to 
the  qiiartsso-feldspathlc  gneisses,  they  are  Interpreted  as  local  fades  of 
the  metaoorphlc  oomplez.  The  plagloolase  of  these  rocks  has  the  same 
range  of  anorthlte  content  as  the  plagloclaee  of  the  associated  leuoo- 
cratlc  gneisses.  Blotlta,  the  moat  abundant  mineral  (58-20A,  Table  26) 
is  strongly  pleoohrolc  (Z  »  pale  yellow,  T  •  sepia,  Z  >  greenish  bro%m). 
Soall,  ragged  flakes  of  blotite  form  patches  at  the  margins  of  the  large, 
equant,  plagloolase  grains.  Both  plagloolase  and  blotite  eommonly 
exhibit  undulatory  extinction,  but  a  reerystallised,  unstrained  generation 
of  blotite  is  present  in  some  of  the  blotite  diorltes.  Apatite  and  magne- 
tite are  abundant,  and  small,  sieved,  blue-green  hornblendes  are  present 
in  some  specimens. 

Well-foliated,  fine-  to  medlutt-grained,  plagioclese-hornblende- 
biotlte  gneiss  composes  about  15  percent  of  the  gnelsslc  complex.   It  has 
a  lepi  do  blast  Ic  texture  and  contaizxs  abundant  blue-green  hornblende, 
fresh  plagloclaee  (An_2  oO,  and  strongly  pleochroic  yello^fish  browi  blo- 
tite. Tiny  metamict  zircons  are  present  in  the  blotite.  The  modal 
composition  of  a  typical  specimen  (58-77A)  is  shown  In  Table  26. 

Amphib elite 

The  amphibolites  crop  out  east  of  Iac  Oiville  and  I»c  BonnlTSt 
in  a  north-trending  belt  approximately  1  mile  wide.  They  are  fine-  to 
mediiiffl-grained,  well-foliated,  greenish  gray  to  black  rocks  (Plate  35) 
which  exhibit  an  excellent  llneation  in  the  foliation.  The  foliation 


PUTE  35 

Ai^hl'bollte  outcroxjt 

Outcrops  showing  we  11-deTe loped  Jointioc  in 
the  aaphlbolltas.     Frost-he^ived  alonf  one  set  nf  Jo3.ats. 
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ooneifltB  of  alternate  feldspathlc  and  hornblendlc  layer*  0.5  to  2  am 
thick,  and  the  lineatlon  Is  defined  "by  sub-parallel  hornblende  prisma 
(Plate  36),  All  specimens  examined  in  thin  section  hare  vrell-dereloped 
lepidoblastic  textures.  Modal  compositions  of  three  typical  amphibolitet 
are  sho%m  in  Table  2?* 

TABLE  27 

Modal  Composition  of  Some  Aophibolites 
(Volume  percent  based  on  800  points  for  each  specimen) 


58-72^ 

S8-8QA 

5&-82A, 

Qaartx 

3.x 



Flagioclase 

24.2 

18.9 

16.1 

Ebrnblende 

61.5 

66.3 

70.9 

Augite 

8.3 

7.7 

1.8 

Clinozoisite 

0«8 

6.5 

10.3 

Sphene 

2.1 

0.4 

0.9 

Pyrite 

• 

0.2 

m- 

Apatite 

SI 

• 

—  . 

•Less  than  0.2  percent. 

Moderately  pleochroic  hornblende  (X  »  neutral,  7  ■  greenish 
yellow,  Z  ■  green)  is  the  most  abundant  mineral.  It  occurs  as  acicular 
prisms  0.05  *o  1  cm  long.  The  plagioclase  {^^£^2^   •'•■  xenoblastic,  fresh, 
and  commonly  exhibits  sharply-defined  albite  and  pericline  twinning. 
Large  plagioclase  grains  show  evidence  of  strain.  Prisms  of  colorless 
clinozoisite  (2V  ■  80°-95°)  »re  very  abundant  in  some  amnhibolite  specimens, 
and  granular  sphene  is  invariably  present.  The  pyroxene  is  colorless, 


PLATE  36 
Photomlorograph*  of  amphl'bolite 

Thin  seotlonB  showing  alignment  of  hornblende 
prisms  in  typical  aaphlbolite  speeinens.  Crossed  nlcols, 
X12. 
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non-pleochroic,  and  hiia  the  proalnnnt  (100)   partiiig  cb-^ractaristle  of 
aueit«,     TImi  pyroxane  orvAitals  are  froeh  nni  poikilo"blastio»   itiggsstlnfi 
gftwtii  ciiring  wstaavDrphisB.     Ha^etitf',  pyrite,  apatite,  and  qtjartz  are 
accessory  ainsrals. 

The  ch«ral<w.l  coai  >o8i1;ion  of  a  repreBsntative  aiuphibolit--  «ainpl« 
aad  3oc3<oldB»  average  pyroxene  gabbro  (195^,   p,   1020)  are  compared  in 
Table  28 ♦ 

TABLE  28 

Chemical  CospoBition  of  an  Amphibolite  Sample 

-IL.  JL. 

SiOg  i*8.1  50.78 

Ti02  0**  1.13 

Al20„  12.6  15.68 

PegO^                            !♦?  ?.?6 

y«0                                7.15  7J\l 

MnO  QU  0.18 

MgO  10.7  8.35 

OaO  lif.7  10.85 

1^2^                             !»«  2.1^ 

K^O  #*«  0.56 

HgO                                   1.22  0.48 

P2O5  0,0  0.18 


Total  98,5  100.00 

A,  CuL'-.o?ita  er/j-hl'bol'.t.e  sr-m-.l©  («:8-82A). 
Analyst:  G.  Bender,  Oeol.'S'urv-.  Canada 

B.  Average  of  38  pyroxene  gabbroe  (Nockolds,  195^,  p.  1020) 
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The  amphlbolite  sanrple  has  higher  lime  and  nagneaia  contents, 
and  lover  silica,  soda,  titanla,  and  alumina  contents,  1>ut  a  slight 
difference  in  composition  of  the  pTToxene  could  accotmt  for  the  differences. 
Hone  of  the  common  sedimentary  rooks  compositionally-  resemble  the  amphlbo- 
lite. The  amphlbolites  we  e  therefore  probably  derived  from  sills  or  flows 
of  gabbroio  composition. 

STRUCTXIRAL  OEOLOOT 

The  western  two-thirds  of  the  Marion  Lake  area  is  underlain  by 
rocks  of  the  Labrador  Trough.   The  eastern  one-th:'.rd  is  underlain  b7  gneiss 
and  amphlbolite.  Folds  and  major  faults  in  the  Troxtgh  trend  northwest 
and  are  truncated  by  gneisseu.  £ec&ose  of  ^Lis  structural  discordance,  a 
major  fault,  along  which  the  eastern  block  moved  up,  oust  separate  the 
Trough  rocks  from  the  gneisses  and  amxMbolltes.  Another  prominent  fault 
separates  the  Knob  2^e  group,  in  which  fold  axes  plunge  steeply  northwest, 
from  the  Murdock  and  Doublet  groups,  in  which  fold  axes  plunge  gently 
southsaBt.  The  Marlon  Lake  area  can,  therefore,  be  divided  into  three 
structurally  distinct  units.  For  convenience,  the  three  units  will  be 
referred  to  ae  the  Southwestern  Block,  the  Central  Block,  and  the  Eastern 
Block  (Fig.  10).  Two  geologic  cross-sections  (pocket  at  back)  show  the 
structural  interpretation. 

Southwestern  Block 

The  raetasedlmentary  formations  of  the  Knob  Lake  group  are 
structurally  characterized  \^   fold  axes  which  plunge  steeply  nortbvest. 
The  outcrop  pattern  outlines  a  large  syncllne  and  anticline,  and  small- 
soale  structures  which  are  congruent  with  these  large  folds  have  been 
observed  in  many  outcrops. 
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7oldB  in  the  Knol>  Lake  group  are  accenttiated  ^  the  metasab1>ro 
■ills  northwest  of  Marion  Lake  and  Ij  both  sills  and  flows  in  the  ▼ioin- 
ity  of  Mo-untain  and  Keoo  lakes.  Hotioeable,  howorer,  is  the  disparity 
between  outcrop  patterns  of  the  Marion  Lake  formation  and  the  orerlying 
foraations  (Keco,  Denault,  Wishart.  and  Menihek).  On  the  West  shore  of 
Marion  Lake,  the  Keco  and  Marion  Z«tke  foraations  are  only  a  few  hundred 
feet  apart;  one  aile  west  of  the  shore,  they  are  separated  by  a  distance 
of  more  than  two  miles.  Ketagabbro  occupies  the  wedge  between  them. 
Undetected  faults  may  be  present,  but  laceolithic  intrusion  of  the  gabbro 
affords  a  more  likely  explanation.  Configuration  of  the  gabbro  and  its 
conformable  relationship  to  the  enclosing  formations  strongly  stiggest 
intrusion  accompanied  by  arching  of  orerlying  formations  with  respect  to 
the  Marion  Lake  formation. 

I)rag->folds  are  abundant  in  the  Menihek  formation,  and  many  of 
them  are  congruent  with  the  large-scale  folds.  However,  drag-folds  hare 
also  been  deyeloped  along  shear  zones,  and  care  must  be  taken  to  relate 
them  to  the  correct  large-scale  stiroctures. 

^ults 

All  faults  which  were  mapped  in  the  field  can  be  recognized  as 
strong  lineaments  on  aerial  photographs.  In  the  field,  straight  shallow 
Talleys  commonly  mark  the  faiQt  zones,  fiock  in  the  fault  zones  is  highly 
sheared  or  fractured,  but  crops  out  in  few  places  because  drift  oorer  is 
thick  in  the  fault-controlled  valleys.  Prominent  lineaments  for  which  no 
field  evidence  of  faulting  was  obtained  are  shown  on  the  map  by  means  of 
a  separate  symbol. 
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fb«  fault  iMpftnLtlng  the  Kaob  Lake  and  Hturdock  grovcp  has  te«n 
■apped  for  more  than  50  Kllaa  to  the  northwest  (Trarey*  1952).  tiut  has 
not  beon  Inre stilted  southeast  of  the  Marlon  Lake  area.  BeaivTertleal 
drai^folda  end  aear*-horiBoatal  9ll<^en6ide«  indicate  transctirrent  aoT«» 
w»nt  with  right  hand  offset*  Another  transcuxrent  fault  with  right  haM 
effaet  pasaee  through  Seoo  lAke,  and  parallels  the  ahOTO  aentioned  fault* 

Cleav&g6  &ad  Llaeaxioa 

Flow  and  fracture  olo&rages  are  well-dereloped  in  the  Attlkasagea 
and  Menihek  rooks  &nd  fracture  claava^  ie  proaineat  in  the  silte tones 
of  the  Marion  Lake  foraatioa*  7he  flow  cleavage  in  most  places  trends 
nortfavost  uai   is  steeply  dipping.  Beo&use  the  axial  planes  of  large  folds 
hare  the  saae  altitude,  this  oleavo^  is  preeu-aed  to  he  related  to  foldiog 
(De  Sitter.  195'^»  p*  99).  <uid  is  therefore  an  axial  plane  oleange*  Flow 
ole&maffe  in  highly  folded  araas  is  gradatloasl  with  fracture  cleavage  ia 
less  defortaed  rocks,  shewing  that  it  deTelot^ed  from  fracture  clea'CEge, 
hut  in  oanjT  plae«:s  a  second  fracture  cleavage  tranaeots  the  flow  cleavage. 
f09  few  instances  of  this  later  frbot\ire  cleavage  were  observed  to  deter- 
Bine  whether  it  is  also  related  to  folding,  Xn  aaay  placet,  cl«av&ge  and 
bedding  intersect  to  fora  a  liaeation  which  pltmges  steeply  northwest* 
Because  this  linantioa  parallels  axes  of  folds,  it  is  a  b»lineatloa 
(Sander,  1926,  p*  y28).     Cleavage  Is  abeeat  la  the  Narioa  Lftke  taadstonet, 
Ueaault  foraation,  and  gabbros,  but  fracturing  8ub~parall«l  to  axial  planes 
is  o<KBSon* 
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Jolntg 

Planar  Joint  sets  are  well-developed  In  the  sHIb.  Joints 
parallel  to  the  sill  contacts  are  aost  prominent,  hut  sereral  sets 
perpendicular  to  the  contacts  are  also  present.  Because  of  this  rela- 
tionship, the  Joints  are  an  aid  in  structural  laapping. 

Cross  Joints  (ao  Joints)  are  present  in  parts  of  the  Attikaoagen, 
and  are  particularly  vell-dera loped  in  the  slates  which  crop  out  on  the 
aast  shore  of  the  southvest  ara  of  Marion  Lake.  Joints  are  also  oonspio- 
uous  in  Buoh  of  the  Menihek  foraation,  and  ooimonly  there  are  two  sets 
sub-perpendicular  to  the  tedding.  In  places,  these  Joint  sets  intersect 
at  about  60  degrees,  formia^  large  rhombic  slabs  which,  in  the  steeply- 
dipping  beds,  tend  to  upthrust  as  a  result  of  frost  action. 

Joints  are  abundant  in  the  I}enault  formation.  Many  Joint 
surfaces  are  sub-perpendicular  to  bedding  and  show  no  apparent  relation 
to  fold  configurations.  Schmidt  (1957)  measured  more  than  9000  Joint 
surfaces  in  folded  carbonate  rocks  of  the  Central  Foothills  of  Alberta, 
and  found  that  the  Joints  intersected  bedding  at  high  angles,  regardless 
of  position  in  folds.  Because  of  this  apparent  lack  of  structural  con- 
trol, ha  concluded  that  the  Joints  developed  while  the  strata  were 
essentially  flat  lying.  A  statistical  study  of  Joints  in  the  Senault 
was  not  nade,  but  stiff ieient  Joint-bedding  relationships  were  observed 
to  strongly  sxiggest  the  situation  described  by  Schmidt* 

Central  Block 

Large-scale  folds,  longitudinal  faults,  and  shear  zones  are 
abundant  in  the  Doublet  group.  Most  of  the  Hurdock  group  is  highly 
schistose,  and  no  large-scale  folds  have  been  recognized  within  it. 
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Axes  of  the  mutoroua  folds  in  %h&  Doublet  group  trend  northweBt 
to  aorth-nortlweatt  conTergiug  tov&rds  the  south<aatit«m  part  of  «,iie 
Csatral  Blcuk.  Azlal  planect  dip  staapl/  uorthaast  to  east,  and  the  liabe 
of  socie  folds  ars  locally  cforturaed  bowarda  thb  southwest.  Most  fold 
axes  plungd  geatly  southaaet,  tmt  the  axes  of  the  foldu  between  Lao  Hueslai 
&.ad  Lac  Oodefroy  are  horisoatal.  Koitt  of  the  plun^lu^  folds  can  be  reoog- 
aised  and  traoed  on  aerial  photogr&phe,  but  the  hox'izuutal  fulua  are 
rocctguizcd  only  by  reversals  in  dip  whero  the  upper  sides  of  flows  can  be 
identified.  I'lov  clea-vagc  or   schistosity  is  well-developed  iu  the  Doublet 
aets-Tolcanic  rocks,  '£ha   cl«?aVi*ge  is  fiub-parailwl  to  a^l&l  planes  of  folds 
and  cooffiOiAly  contains  elliptical  chlorite  sooars  vhich  ars  elongate  in 
"a".  The  relationship  of  cleavage,  linsaticns  and  folds  is  identical  to 
that  described  by  Clocs  (1950,  p.  8)  for  South  Mountain  Anticiinoriucj  in 
iferylend. 

Tau^Its 

Major  fcults  within  the  Doublet  group  are  narked  by  bhuar  or 
fracture  zones  as  isuch  as  "jOC   feet  wide,  coumonly  occupy  straight,  shallow 
valleys,  end  shcv  as  llneaoeuts  on  aerial  photographs.  They  converge,  as 
do  the  folds,  toward  the  southeastern  part  of  the  Central  Block,  ji^cture 
cleavage,  ivhich  is  prominent  iu  most  fault  soijes,  dips  northeast  at  lesser 
Inclination  than  the  flow  cleava^.  Intersection  of  flow  and  fracture 
cleavages  commonly  forms  a  b-lineation  which  parallels  fold  axes.  In  many 
fault  zones,  vertical  traneport  ic  indicated  by  elicksui^ides  on  the  frao- 
eleavpge  eurfaoes.  Chlorite  is  abxmdant  in  the  shear  zonec,  and  in  bobw 
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its  grovth  parallel  to  shearing  has  resulted  in  deyelopoent  of  a  secon- 
dary achistosity  which  aiasks  the  regional  sohistosity. 

Saetern  Block 

foliation 

A  vell-dereloped  foliation  is  the  most  proainent  stmctiire  in 
the  Bastern  Block.  The  foliation  is  steeply  inclined  in  most  placesg 
And.   has  a  reioarka'bly  uniform  northward  trend  within  the  outcrop  belt. 
The  strike  of  the  foliation  parallels  the  inferred  contact  of  the  Eastern 
and  Central  i locks.  Consistent  reversals  in  dip  suggest  that  the  foli- 
ation is  isoelinally  folded. 

Foliation  in  the  gneisses  consists  of  alternate  dark-  and 
light-colored  layers  less  than  1  cm  thick.   Where  suhparallel  flakes  of 
biotite  are  abxindant  in  the  dark  layers,  the  gneisses  tend  to  fracture 
in  flaggy  slabs,  but  in  most  outcrops,  the  gneiss  breaks  along  irregular 
surfaces  unrelated  to  the  gneiesosity.  Lenticular  mineral  aggregates, 
mafic  Bchlieren,  and  tabular  bodies  of  melanocratio  gneiss  which  are 
commonly  interlayered  with  the  leucocratie  gneisses  accentuate  the  foli- 
ation in  many  exposures. 

Foliation  in  the  amphibolites  consists  of  interleared  hornblende- 
rich  and  plagioolase-rich  layers.  The  layer*,  which  are  less  than  2  ram 
thick,  probably  formed  by  metamorphio  segregation.  Some  of  the  amphibo- 
lites exhibit  a  crude  fissility  parallel  to  foliation. 

Lineation 

Iiinear  elements  in  the  gneisses  and  amphibolites  include  crenu- 
lations  on  foliation  surfaces,  fold  axes,  acicular  hornblende  prisms. 
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lenticular  pods  of  afiflc  minerals,  tchlieren,  and  the  intereectlon  of 
foliation  end  fracture  cleavaee.  All  lineations  lie  in  the  north  trend- 
ing foliation  and  are  hori«ontal  or  plunge  gently  north.  The  concordance 
of  lineations  in  the  gneisees  and  amphiholites  suggests  a  oomoon  struc- 
tural history  for  the  two  rock  tyr^es.  Coincidence  of  fold  axes  with  the 
regional  lineation  of  the  Eastern  Block  indicates  that  the  linear 
elements  mark  a  h-llneation. 

Joints 

Two  Joint  sets  are  present  in  the  Sastern  Block.  One  set 
trends  northwest  and  the  other  trends  west;  both  are  vertical  to  steeply 
dipping.  Because  the  east-west  Joints  are  regionally  developed  within 
the  gneisses  and  amphiholites  and  are  perpendicular  to  the  b-lineation« 
they  probably  are  ac-Joints,  formed  at  the  same  time  as  the  foliation  and 
lineation.  The  northwest  Joint  set  is  best  developed  in  the  gneiss  east 
of  Iac  Alonce,  where  diabase  dikes  have  been  Intruded  along  some  of  the 
Joints.  Contraction  fractures  normal  to  the  dike  walls  are  developed 
here  and  there,  but  the  dikes  are  nowhere  offset  by  yoTuager  fractures, 
▲  northeast  Joint  set  is  present  in  outcrops  of  amphibollte  2  miles  east 
of  Lac  Gouffier.  Perhaps  the  northeast  and  northwest  Joint  sets  form  a 
conjTigate  system. 

Belatlonship  of  Struct^iral  Ulements 

Struct-ures  within  the  Trough  rocks  appear  to  be  related  in 
origin.  The  regional  schistosity  is  an  axial  plane  cleavage  which 
developed  during  folding.  Because  the  fracture  cleavage  in  fault  zones 
offsets  the  schistosity  Oj  flow  cleavage,  faulting  must  have  taken  place 
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after  folding*  However,  the  faults  are  sub-parallel  to  axial  planeB  of 
folds,  and  therefore  ooiaiaon  origin  is  strongly  suggested,  probably 
forces  directed  fron  the  northeast  caused  folding,  local  overturning  to 
the  southwest,  and  developiwnt  of  flow  cleavage,  and  during  late  stages 
of  the  deformation  the  faults  formed  as  a  direct  result  of  the  same 
southwest-directed  force.  Beverse  faulting  along  the  northeast-dipping 
faults  then  relieved  the  stresses  imposed  on  the  Trough  rocks,  and  frae- 
turitig  in  the  fault  zones  obscured  the  fold-developed  flow  cleavage. 
Some  transcurrent  movement  occurred  in  some  of  the  fault  zones,  as  shown 
by  the  right  hand  offset  on  the  fault  in  the  southwest  corner  of  the  map- 
area.  Major  transcurrent  movement  along  the  fault  between  the  Knob  Lake 
and  Murdock  groups  may  have  caused  Juxtaposition  of  the  blocks  showing 
divergent  plunge.  Faulting  at  the  east  oargln  of  the  trough  occurred 
after  cessation  of  Trough  deformation. 

METAMOBFHISM 

Begional  Metamorphisa 

The  metamorphosed  sedimentary,  volcanic,  and  intrusive  rocks 
in  the  western  portion  of  the  map-area  belong  to  the  greenschlet  faoies. 
The  gneisses  and  amphibolites  in  the  eastern  portion  of  the  map-area 
belong  to  the  amphibolite  facies  of  metamorphiem.  There  is  no  indication 
of  progressive  increase  in  grade  of  metamorphism  from  west  to  east.  The 
greenschlet  rocks  to  the  west  form  part  of  the  Labrador  Trough,  which  is 
believed  to  be  of  Froterozoio  age.  The  gneisses  and  amrihibolites  may  be 
either  Archean  basement  rocks  which  have  been  elevated  by  faulting,  or 
high  grade  Trough  rocks  which  have  been  faulted  against  low  grade  Trough 
with  consequent  removal  of  the  zone  showing  increasing  grade  of  metamorphism. 
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Graeoachiat  FacleB  liocks 

Both  Biuscovite-ohlorite  and  Motittt-ohlorite  aeeocl&tlons  ooour 
in  the  Knob  Lake,  Murdoek,  and  Doublet  groups*  but  beeause  the  alneral 
assemblages  are  not  zonally  distributed,  sub-facies  (2*uraer,  1948)  oannot 
be  delineated  within  the  Marion  Lake  area. 

Original  textures  of  the  laetasedlmentaty  rooks  are  well-preserved 
only  in  coicpetent  fomtations.  The  quartsites,  siltstonee,  and  calcareous 
rocks  show  little  more  than  slight  reorystallisation,  but  noet  of  the 
politic  rocks  are  extensively  recrystallised,  and  show  typical  greensihist 
aineralogy.  C^uartz-albite-ohlorite-Duscovite  and  quartz~albite~biotite- 
ohlorite  assemblai^es  are  eoamon  in  the  slates  and  pli^llitea,  but  clastic 
ollgoclase  grains  are  preserred  in  soae  of  the  sandstones,  perhaps 
deformation  of  the  less  coiapeteat  politic  rocks  was  responsible  for  their 
sore  extensive  (^Iteration. 

Albite-actinolite-elinozoiciteochlorite-sphene  asserablagea  in 
the  seta basalts  and  oetagabbros  have  largely  taken  the  place  of  calcic 
plagloclase-pyroxene-nagnetite-llmenlte  assemblegos.  However,  the  central 
parts  of  some  thick  gabbro  sills  are  relatively  Tuisltsred,  showing  that 
equilibriuffl  was  not  fully  attained  dxiring  stetamoz^hism*  Perhaps  lack  of 
penetrative  deforEiation  in  the  oonipetent  £&bbro  sills  was  responsible  for 
preservation  of  original  pyroxene  «ind  plagiocli:.8e,  but  because  the  sill 
oargins  are  invariably  altered,  access  of  water  wae  probably  a  acre 
important  factor. 

fhe  gneisses  and  aophibolites  consist  essentially  of  plagioclase 
(An^g^^ji^g^*  ^l^ift-e'ocn  hornblende,  biotite,  quarts,  clinozoislte,  and  sphene. 
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This  mineralogy  is  typical  of  the  afflrhlbollte  fades.  Some  araphibolltes 
oontaln  as  omoh  as  8  percent  atigite,  suggesting  a  somewhat  higher  degree 
of  ffletamorphlsm,  hut  because  ahtmdant  hornblende,  clinosolslte,  and 
sphene  are  In  equlllbrltun  with  the  pyroxene,  these  rooks  also  belong  to 
the  aophlbollte  fades. 

Contact  Metamoirphlsm 

Intrusion  of  the  sills  has  bad  little  apparent  effect  on  the 
country  rook,  but  this  may  be  due  to  masking  of  contact  metamorphiem  by 
the  regional  metamorphisffl*  All  contacts  observed  in  the  field  are  shai^) 
and  mineralogy  of  the  Intruded  rock  at  the  contacts  is  identical  to  that 
of  the  intiruded  rock  remote  from  the  contacts.  A  fine-grained,  weather- 
ing-resistant zone  less  than  2   inches  thick  which  commonly  occurs  in 
country  rock  at  the  contacts  probably  formed  as  a  result  of  local  increase 
of  temperature  during  intrusion. 

Several  outcrops  of  siltstone  in  the  Marion  Lake  formation  show 
a  peculiar  mottling  consisting  of  scattered  patches  rich  in  chlorite  and 
ouscoTite.  The  patches  are  less  than  0.5  om   in  diameter  and  commonly 
coalesce  to  form  irregular  networks  parallel  to  bedding.  The  spaces 
between  the  mottles  are  invariably  bleached,  and  total  content  of  chlorite 
and  muscoTite  in  mottled  beds  does  not  differ  significantly  from  the 
chlorite-muscovlte  content  of  mottle-free  beds.  Occurrence  of  the  mottled 
beds  near  gabbro  sills  suggests  that  the  mottling  is  a  contact  phenomenon. 
The  tremolite  zones  at  the  margins  of  ultrabasic  sills  probably 
formed  by  contact  metamorphism.  Ho  analyses  are  available  to  demonstrate 
chemical  differences,  but  the  abundance  of  tremolite  suggests  a  higher 
content  of  silica  than  the  serpentine-rich  portions  of  the  sills.  Perhaps 
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•lllca  was  derived  from  th9  «odim«ntary  rook3  whlcJx  are  coaaon  at  coataoi* 
where  the  treoolite  zone«i  oooxir. 

Vatilt  Zone  Metamorphisffl 

Eegiooal  cleavage  commonly  ia  obsctired  "by   fracture  cleaTa£:e  in 
the  fault  zones,  and  in  some  places  a  secondary  schistosity  has  developed 
parallel  to  the  shearing  in  the  fault  zones.  Chlorite  and  carbonate 
Minerals ,  particularly  ankerite,  are  abundant  in  the  fanlt  sonee.  The 
oarbonatized  rock  ea<5t  of  Lac  Chamy  and  Lrc  Bustangois  mark  scnca  of 
extensive  shear  vhioh  are  probably  faults.  Seme  epecisiens  cobtt  In  ac 
■uoh  as  30  percent  ankerite. 

kge   of  Metamorphisa 

HetamerphisB  of  the  Troui^h  rock  obviously  took  p]jsce  after 
emplacement  of  the  j^ebbro  eille,  and  because  the  high  grade  gneisses  and 
amphibolites  east  of  the  Trough  boundary  ehov  no  signs  of  retrogressive 
metamorpbism,  the  Trough  metamorphls'n  aust  have  occurred  prior  tc  the 
faulting  at  the  east  margin.  Because  deformation  and  metamorphiEQ  are 
commonly  synchronous,  folding  of  the  Trough  rocks  saay  well  have  coincided 
with  the  greenschist  metamo^T^hiSIB.  Developm-jnt  of  aetaaorphlc  ainarals 
In  the  regional  cleavage,  which  in  turn  is  related  to  the  regional  fold- 
ing, lends  strong  support  to  this  possibility. 

Metamorphism  of  the  gneisses  and  amphibolites  is  closely  rela- 
ted to  their  origin.  If  these  rocks  are  part  of  the  basement  coaplex, 
their  present  mineralo/^y  may  have  developed  prior  to  deposition  of  Trough 
rocks,  but  it  could  also  have  developed  either  dtirlng  Trough  lafttnjnorT^hisa 
or  d\iring  the  period  of  marginal  unthrust.   If  the  Brnei&ses  and  tanphib elites 
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are  high  grade  Trough  rocks,  the  age  of  ffletaaorphlsa  throughout  the  rooks 
In  the  Marlon  Lake  area  probably  was  coincident. 

OEOICOIC  HISTORY 

Dovnwarping  of  the  Archean  basement  initiated  sedioentation  in 
the  linear  belt  now  knovn  as  the  Labrador  Trough.  Sediments  derired  from 
bordering  highlands  formed  the  basal  Seward  conglomerates  and  arkoses 
which  are  not  exposed  in  the  Bap-«rea,  but  which  do  crop  out  along  the 
west  side  of  the  Trough.  Continued  erosion  reduced  elevation  of  the  bor- 
derlands, and  deposition  of  the  finer  grained  Attikamagen  elastics  ensued. 
Variations  in  oxidation  potential  and  organic  activity  resulted  in  local 
deposition  of  black  shales.  Uplift  along  the  west  side  of  the  Trough 
during  Marion  Lake  times  resulted  in  renewed  deposition  of  arkoses  and 
conglomerates.  Some  rock  fragments  in  these  sediments  were  derived  from 
the  underlying  Seward  and  Attikamagen.  Slight  fluctuations  in  sea  level 
caused  shifts  of  the  strand  line  across  a  low-lying  plain,  allowing  depo- 
sition in  shallow  marine,  littoral,  fluvlatlle,  and  perhaps  aeolian, 
environments.  A  period  of  volcanic  activity  followed,  resulting  in 
extrusion  of  the  Keoo  flows,  but  probably  no  major  changes  in  environment 
occurred,  because  further  shelf  sedimentation  followed.  The  extensive 
carbonate  deposition  of  Denault  times  took  place  in  a  shallow  water  to 
intertidal  environment.  Algae  modified  the  environment,  played  a  major 
role  in  sediment  fixation, and  may  have  precipitated  much  of  the  dolomite. 
Some  erosion  of  the  Denault  occurred  before  influx  of  the  Wishart  elastics. 
The  Wishart  sandstone  beds  must  represent  periods  of  time  sufficiently 
long  for  attainment  of  the  remarkable  textural  and  compositional  maturity 
which  they  exhibit.  Iron  sedimentation  started  in  Wishart  times,  perhaps 
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as  a  result  of  change  to  tropical  cllnate,  or  perhaps  'because  of  contem- 
poraneous TuleaniSB*  Menlhek  deposition  probably  occurred  in  somewhat 
deeper  water  in  a  reducing  environment. 

The  tturdock  rocks  represent  a  period  of  ▼olcanic  activity, 
doainantly  pyroelastio.  Sediments  of  the  Doublet  were  deposited  in 
shallow  waters,  and  although  the  environment  may  not  have  differed 
greatly  from  that  of  Knob  Lake  times,  the  Doublet  sands  were  not  subject- 
ed to  extensive  abrasion  and  sorting  as  were  the  Marion  Lake  and  Wishart 
sands.  Tolcanic  activity  ensued,  accompanied  by  intrusion  of  the  abun- 
dant basic  sills  of  the  map-area. 

Foroa  directed  from  the  northeast  resulted  in  folding  about 
northwest- trending  axes  in  the  Labrador  Trougji,  Cleavage  and  reverse 
strike-faults  formed  during  the  sajoe  period,  accompanied  by  metamorphitm 
te  the  greenechlst  fades.  The  east  side  of  the  Trough  was  later  faulted, 
resulting  in  uplift  of  the  gneisses  and  amphibolites  which  may  be  either 
Archean  basemant  rocks  or  high  grade  Troug^t^  roekf . 

£GOiiOMXC  OMiLOaT 

Numerous  gossans  nark  the  locations  of  sulphide  deposits  in  the 
map-area.  Some  gossans  are  more  than  2000  feet  long,  but  the  sulrhida 
bodies  from  which  they  were  derived  are  commonly  less  than  100  feet  long. 
The  transported  gossans  extend  downhill  from  their  source;  many  of  the 
gossans  form  stream  beds.  Pyrite  is  the  most  abundant  sulphide  mineral, 
but  chalcopyrita  and  pyrrhotite  are  commonly  present.  The  sulphide 
minerals  are  disseminated  or  occupy  fractxires  in  the  host  rocks,  which  in 
almost  all  of  the  deposits,  are  slates  of  the  Menihek  formation  of  Doublet 
group.  Shear  sones  and  the  contacts  between  slates  and  mafic  intrusions 
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are  the  most  eomnon  sitss  of  ainexcdixation.  Bedauae  the  elate*  normally 
contain  finely  dirlded  sulphide  minerals,  it  is  possible  that  the  stil- 
phide  deposits  originated  "by   thermal  metamorphlsia  (caused  by  siafic 
intrusions)  and  dyaaiolc  metamorphisra  (within  shear  zones)  of  the  slates. 

Teinlets  of  cross-fibre  asbestos  oocxur  in  the  serpentinite 
bodies  near  Lac  La  Toucha  and  in  the  tremolite-serpentine  body  southeast 
of  Lao  Rucelai.  Most  of  the  material  is  hard  and  non-flexible;  asbestos 
of  coooeroial  grade  was  not  obserred. 

Qioartz  reins  as  much  as  10  feet  thick  crop  out  west  of  Iac 
Sauthler  and  alonfi  the  chain  of  lakes  northeast  of  Hoss  I^ike.  Traces 
of  disseminated  pyrite  and  chalcopyrite  are  present  in  some  of  these 
veins. 
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APPENDIX  A 


Calculation  of  Grain  Size  Dittribution,  in  Volume  Percent  FreqTiency, 

from  7hin  Section  Data 


The  erain  size  distrilnition  of  a  poorly  indurated  sedimentary 
rock  is  most  easily  determined  "by   sieve  analysis  of  a  representative 
sample.  However,  for  well-indurated  samples,  this  method  cannot  be  used 
tmless  the  constituent  grains  can  in  some  way  be  separated.  For  earbon> 
ate-oeaented  quartz  sandstones,  acid  treatment  is  sufficient  for  disag- 
eregation,  but  for  rocks  in  which  the  cement  is  identical  in  composition 
to  the  framework  particles,  no  practical  method  of  separation  has  yet 
been  devised.  Alternatively,  a  selected  size  parameter  can  be  statist- 
ically measured  in  thin  section.  Commonly  the  apparent  lon^  axes  of 
grains  are  measured  and  grouped  in  size  classes  (Krumbein  and  Pettijohn, 
1936t  p.  128).  The  data  so  obtained,  however  are  expressed  as  number 
frequencies,  and  are  not  directly  comparable  with  the  weight  frequency 
data  obtained  by  sieve  analyses. 

The  relationship  between  thin  section  data  and  sieve  data  has 
been  considered  by  many  workers,  and  mathematioal  correlation  factors 
have  been  proposed  (Krumbein,  19355  Greenman,  1951).  A  graphical  method 
of  translating  thin  section  distributions  to  sieve  distributions 
described  by  Priedjaan  (1958)  !■  >>^'<»  convenient,  and  possibly  more 
acctirate,  than  the  mathematical  methods. 

Because  most  sandstones  in  the  Marion  X^e  area  are  not  amenable 
to  sieve  analysis,  freqxiency  data  were  obtained  for  thin  sections  of  the 
sandstones,  and  the  data  converted  to  sieve  equivalents  by  use  of 
Friedman's  graph  (p.  klk).     Frequency  distributions  were  determined  with 
the  aid  of  a  microprojector  (Xrumbein  and  Pettijohn,  1938,  p.  374)  instead 
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of  the  point  count  method  stiecested  Iqt  ^riedioan.  7he  nieroprojeotor 
nethod,  which  is  more  conrenient  and  qxdcker  than  the  point  eotint  method, 
it  desorihed  below: 

1.  The  aioroprojeotor  is  adjusted  to  giTe  a  suitable  iraa^e 
of  the  thin  section  on  a  sheet  of  white  paper.  The 
scale  factor  is  detemined  by  placing  a  transparent 
fflilliaeter  rule  over  the  thin  section. 

2.  The  long  axes  of  all  grains  in  sereral  randos  fields 
are  measured  and  gro^xpe&  according  to  phi  size  classes. 
As  each  grain  is  counted,  the  grain  image  is  stroked 
off  on  the  field  of  projection.  The  numbers  in  each 
class  are  conyenientljr  recorded  with  the  aid  of  a 
tally  counter.  The  data  are  conrerted  to  number  fre- 
quency percent. 

3.  The  frequency  of  each  class  is  weighted  by  aultiplying 
by  the  squares  of  the  class  nid-ijoint.  This  step  con- 
verts number  frequency  to  apparent  area  frequency.  On 
the  asBiuiptlon  that  the  thic  section  represents  a  ran- 
dom cut  throtigh  the  sampled  rock,  th©  apparent  area 
frequency  is  directly  proportional  to  the  apparent  vol- 
ume frequency  (T  «  A/dx). 

k.     The  apparent  volume  frequencies  are  converted  to  percent 
values  and  then  suasied  to  give  apparent  cumulative 
percent  frequencies  for  each  class. 

5.  The  apparent  cujoulative  values  are  plotted  on  the  graph 
given  by  Triedman  (1958,  p.  -i^l^),  and  the  "true" 
cumulative  values  are  read  on  the  appropriate  scale. 
The  "true"  volume  frea.uencies  are  obtained  from  this 
set  of  figures,  and  plotted  in  histograms. 

An  example  of  the  calculations  for  a  representative  Marion  Lake  sandstone. 
Specimen  57-132At  is  shown  on  the  following  page.  Because  the  sandstone 
from  which  the  thin  section  specimen  was  collected  is  friable,  a  sample 
suitable  for  sieve  analysis  could  also  be  obtained.  The  weight  distri- 
bution, determined  by  sieving  200  grams  of  the  sample,  is  shown  for 
comparison  with  the  thin  section  data. 
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Bxample  of  the  Calculation  of  Grain  Size  Dietrlbution, 
In  Toliime  Percent  freqmncjt    from  Thin  Section  J>ata  (Specimen  57-132A) 
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APPBHDIX  C 

Geoloffie  Sections  in  the  Cenault  Fomation 

The  fire  seetions  described  on  the  following  pages  were 
ae&sured  with  a  200  foot  tape  along  lines  established  by  Brunton 
compass.  The  tape  was  Boved  forward  in  200  foot  increments,  and 
the  contacts  between  xinits  were  recorded  to  the  nearest  5  foot 
nark.  The  percent  expos\ire,  measiired  thickness,  end  true  thickness 
of  each  mxit  are  tabulated  in  columns  adjacent  to  the  llthologic 
descriptions.  The  section  locations  are  shown  in  Fig.  6. 
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SECTION  1 


Unit  Measured     True     Percent 
Siatance  Thickness  Exposure 


Description 


19   2355-2740    365 


18   2300-2355    50 


17   2265-2300    30 


16   2195-2265    65 
2115-2185    60 


1915-2115    185 


15   1870-1915    ^ 


14   1790-1870    70 


100    Siliceous  dolomite:  gray,  oranee- 
Vaff  weathered;  veil-laminated, 
as  seen  on  ribied  weathered  sur- 
face; fractures  smoothly  to  sire 
a  nassiTe-appearing  fresh  surface; 
▼ery  finely  crystalline;  lamina- 
tions planar  and  persistent  lat- 
erally; sparse  chert  nodules  which 
are  ovoid  in  section,  elongate 
parallel  to  bedding. 

100    Dolomite:  gray,  buff -gray  weath- 
ered; finely  crystalline;  undtila- 
tory  stromatolites  and  minor 
quartz  Te inlets. 

M9         Algal  tmit;  light-gray  and  buff, 
earbonaeeous  dolomite;  4-7" 
ool\imnar  stromatolites,  differ- 
entially weathered;  1-2  cm  piso- 
lites at  base;  thin  Teinlets  of 
quarts  are  abundant. 

^    Dolomite:  gray,  buff  weathered; 

W     aedium-grslned  crystalline;  undu- 

latory  stromatolites;  quartz  inter- 
layers  near  top.  Bedding  90; 155  H. 

fO    Dolomite:  dark  gray,  buff -gray 
weathered;  finely  crystalline; 
irregular,  undulatory  stromatolites 
in  places;  Teinlets  and  lenses  of 
quarts  abundant:  a  few  shert  nodules, 
and  some  black  chert  beds. 

100    Algal  xmit:  dark  gray,  cream-buff 
weathered  carbonaceous  dolomite; 
lower  25 »  pisolitic;  upper  15' 
contains  columnar  stromatolites 
with  heads  6-12«  in  diameter. 
Intraformational  conglomerate  be- 
tween algal  heads  at  top  of  tinit. 
Bedding  105; 55  H. 

100    Siliceous  dolomite:  gray,  gray 
weathered;  massive;  finely  crys- 
talline; abundant  veinlets  and 
irregular  pods  of  quarts;  some 
chert  nodules  near  top. 


S£CTZOH  1,  continued 
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Unit  Measured    True    percent 
Pittance  Ihickneas  Sjgaoaure 


description 


14   15^-1790    230 


1380-1540         140 


13 


1334-1345 
1235-1345 

1120-1235 
1095-1120 


10 


95 


110 

25 


12     965-1095         125 


11  950-965 


15 


ISO    Silioeoua  dolomite:  d&rk  eray, 
buff  to  'brown  weathered;  very 
finely  crystalline;  undulatory 
stromatolites;  scattered  glassy 
quartz  sand  grains;  abundant 
digitate  stromatolites  as  much 
as  2  mn  in  diameter.  Bedding 
120; 55  H» 

190    Siliceous  dolomite:  gray  to  dark 
gray,  buff  weathered;  fairly 

jaassiTe,  aediua  crystalline, 
faint  planar  laminations  in  some 
exposures;  a  few  irregular  plates 
of  qwarti  parallel  to  bedding; 
abundant  digitate  stromatolites, 
1-3  ma  in  diameter. 

100    Siliceous  dolomite:  dark  gray, 
buff  brown  and  buff  gray  weath- 
ered; intmformational  conglomer- 
ate; many  q\iart2  Teinlets. 

100    Dolomite:  gray,  buff  weathered; 
finely  crystalline;  massiye; 
quarts  lenses  and  layers  parallel 
to  bedding. 

CoYersd. 

100    Algal  unit:  dark  gray,  buff  weath- 
ered carbooaceovis  dolomite;  small 
columnar  stromatolites  3-6"  in 
diameter;  occur  in  zones  separated 
by  well  laminated  gray  dolomite; 
some  intraformational  conglomerates; 
generally  at  top  of  zones. 

fiO    Dolomite:  gray,  cream  to  daxic  gray 

weathered;  fine  to  mediiim  crys- 
talline; massive;  milky  quarts 
plates  parallel  to  bedding. 

100    Algal  unit:  columnar  stromatolites 
6-10*  in  diameter;  differentially 
weathered  gray  and  buff  laminations 
1-2  cm  thick.  Bedding  120 ;80  HB. 
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SSCTIOH  1.  oontlnued 


TTult  Measured    True     percent 
Distance  Thioknets  Exposure 


Dasoription 


10    8.55-950     90 


9    790-855     6o 


8   660-790    125 


<55-66o    105 


500-555     55 


6   i^o-500     20 


5  39()-/^8o  90 
340-390  50 
310-340     30 


3    110-210     100 


100    Dolomite:  erajr,  'bxtlt-gn^  weathered; 
vell-laoinated;  aediUB-eralned; 
scattered  oval  chert  nodules  and  a 
few  ▼eialets  of  allhy  quarts. 

V^  Ale&l  horizon:  10*  of  intr&foraa- 

tional  conglooerate  at  the  base; 
2-4"  henispherieal  stromatolites 
eompose  most  of  the  reioainder;  tha 
upper  15'  is  pisolitic  (concentri- 
cally laminated  suls-spherical  bodies, 
0.2-4  CB  in  diAatetsr);  most  of  the 
rock  is  dark  ffray,  carbonaceous 
dolomite. 

109    Siliceous  dolomite:  e^ay.  cream  to 
Cray  weathered;  fine  to  B»dium 
crystalline;  a  few  quartz  sand 
crains  .sjid  irregular  pods  of  qsxarts. 

100    Dolomite:  light,  gray,  buff-gray 
weathered;  finely  cryetalline; 
well-laminated  in  places;  scattered 
quarts  layers  and  lenses. 

100    Dolomite:  light  gray,  dark  weath- 
ered; medium  crystalline,  Esassive; 
a  few  quarts  layers. 

HeO    Dolomite:  gray  on  fresh  and  weath- 
ered surfaces;  fins  to  medium 
oryetallina;  scattered  black  chert 
nodules,  elongate  parallel  to 
bedding.  Bedding  130; 75  H. 

too    Dolomite:  dark  gray,  b\iff-gray  to 
66  dark  gray  weathered;  undulatory 

30     stromatolites,  but  generally  mass- 
ire;  many  quarts  ye inlets  parallel 
to  bedding  and  fractures;  chert 
nodules  in  the  lower  part.  Bedding 
115;T.  Intraforaetional  conglom- 
erate at  465-480 

JK^    Doled te:  dark  gre.y;  dore  gray  to 
tan-brrwn  wettht^recl;  mcdlvm   crys- 
talline; undulatory  Btronatolites; 
milky  quartz  pods  and  Teinlets. 
Bedding  130;?.  Fractures  at  15;? 
*nd  65;75  HW. 
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SECTIOH  1,  continued 


Unit  Measured    True     percent 
Clstanoe  Thickness  Exposure 


Dascription 


110-210 


100 


0  -  110 


110 


29    Siliceous  dolomite:  ereaa  sray, 

Vuff  weathered;  Tery  vell-lanina- 
ted,  finely  crystalline;  planar, 
closely  spaced  bedding  surfaces; 
a  fev  orosB-heds. 

CoTered. 


Total  Thickness   258O 


SECT XOI  2 


Unit    Measured         Irc»  Percent 

Cietance     Thickness    Sxposure 


Description 


19      2265-2315  ^ 


16   2260-2265    20 


17   2220-2260    30 


16   2145-2220     60 


100     Siliceous  dolomite:  cream  gray  to 
gray,  buff-brovn  to  tan  weathered; 
rery  finely  crystalline;  very  well- 
lamloated;  some  chert  nodules. 
Sedding  45;60  I. 

100     Siliceous  dolomite:  gray,  huff 

weathered;  fine  to  medium  crystall- 
ine; some  undxilatory  stromatolites: 
intraformatiunal  conglomerate  at 
hase. 

001     Algal  unit:  gray,  buff  weathered, 
slightly  carbonaceous  dolomite; 
2*  pisolitio  layer  oyer lain  by 
columnar  stromatolites,  5-8"  in 
diameter. 

90     Siliceous  dolotilte:  gray,  buff 

weathered;  fine  to  meditim  crystall- 
ine; many  irregular  plates  of 
quartz  piirallel  to  tedding  and 
q\iartz  veinlete  alocg  fractures; 
undulatory  stromatolites  in  upper 
25'. 
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SSCTIOH  2,   continued 


Unit     Meaaursd        Tme  Percent 

Distance     Thickness    fizposxire 


Description 


15      2130-2145  15 

2055-2130  70 

2005-2055  ^5 


Ik      1805-2005        185 
1705-I805  90 


15^0-1705        150 
1330-15^        190 


13      1305-1330 


12 


1255-1305 
1230-1255 


25 


^5 
25 


11  1190-1230   ko 


90    Alcal  nnit:  dark  gray,  buff  veath- 
90    ered,  nedium  crystalline  oarl>on- 
70    aoeous  dolomite;  veil- lamina ted  to 

massive;  many  pisolitic  layers; 

dicitate  stromatolites  at  2005  ^^ 

2055. 

iO    Siliceous  dolomite:  gray,  gray  to 
50    buff  weathered;  finely  oryetalline, 
some  undulatory  and  digitate  stro- 
matolites and  some  pisolites  as 
■oeh  as  3  em  in  diameter;  quarts 
Teinlets  alon^  fractiires  in  upper 
60».  Bedding  iK);55  H. 

OoTered. 

50    Siliceous  dolomite:  tan  to  lieht 
gray,  buff  weathered;  very  finely 
crystalline;  massire;  minor  lenses 
and  plates  of  milky  quarts;  a  few 
pisolites  and  small  digitate  stro- 
matolites towards  top. 

50    Algal  tmit:  columnar  stromatolites 
as  ouch  as  2"  in  diameter;  buff  to 
gray  weathered  carbonaceous  dolo- 
mite. Bedding  50;6o  SX. 

50    Siliceous  dolomite:  gray  to  pink, 
100    dove  gray  to  buff  weathered;  rery 
finely  crystalline;  massiTe  to 
finely  bedded;  some  undulatory  stro- 
matolites; a  few  quarts  lenses  and 
chart  nodules. 

100    Algal  unit:  gray,  buff  weathered 

silioeo\xs  dolomite;  lower  15'  piso- 
litic; upper  part  contains  many 
columnar  stromatolites  as  much  as 
6-8"  in  diameter;  some  milky  quarts 
along  laminations. 
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SECTION  2,   eotttinned 


Unit     Maaeured        Trv»  Percent 

Siataaca     Ihiokneta    £zpo8Tir« 


Deaoription 


10        995-1190         180 
970-995  25 


9   935-970 


8 


895-935 
800-985 


720-800 

670-720 
6'^5-670 


600-6^5 
500-600 


400-500 
375-^0 


30 


30 

85 


70 


50 
25 


40 
90 


85 
30 


IMI    Silioeoua  dolomlta:  lieht  gray  to 
9&  ereaa,  Imff-eray  weathered;  fine 

to  medium  crystalline;  vell-laLmina- 
ted  to  oatBiTe,  with  plates  and 
Teinleti  of  qt»rtt;  eoate  undulatory 
Btroaatolitea  at  104o-1060;  a  few 
chert  nodules  in  upper  part.  Bedd- 
in£  50; 65  H. 

$$  Alg^l  unit:  columnar  strooatolitet, 

4-7»  in  diaaeter  and  2-4"  high; 
dark  gray,  carbonaceous  dolomite, 
fra£mental  at  top. 

SO     Siliceous  dolomite:  pink  to  light 
86    gray,  creao-lniff  weathered;  rery 
finely  crystalline;  masslTe;  a  few 
quarts  pods;  some  quarts  sand  in 
vcpper   60 '. 

100     Siliceous  dolomite:  fray,  eream- 

Imff  weathered;  finely  crystalline; 
thinly  laminated;  small  amount  of 
quartz  in  Teinlets  and  pods. 

CoTered. 

fl  Siliceous  dolomite:   light  gray,   b\iff 

weathered;  very  finely  crystalline; 
finely  laminated;  a  few  hlack  chert 
nodules;   parting  parallel  to  "bedding. 
Bedding  40:70  H. 

JO  Siliceous  dolomite:   gray  to  pink, 

80  buff  to  dark  gray  weathered;   finely 

crystalline;  massire  to  poorly  bedd- 
ed; a  few  qtiarts  pods,  and  qiarts 
▼einlets  along  fractures  in  t^per  40'. 

40  Siliceous  dolomite:   same  as  for 

110-375. 

Covered. 
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SXCTIOH  2,   oontinuad 


Unit     Htaaxurad        Trus  Percent 

Sistanoa    Slu.7kn«««    Sj^osore 


D6»crlT)tion 


3        230-375  135 

110-230  110 


2     0  -110 


55 


50    Silicsous  dolomita:  lifht  gray, 
100    sra7-1}rown  weatherod;  fine  to  madi- 
vm   crystalline ;  massiTe  to  poorly 
laminated;  partly  brecciated,  with 
patohoa  of  white  quartz  along  frac- 
tures; irregular  l>edding;  a  few 
quartz  pods  and  chert  nodules;  se- 
Teral  thin  layers  of  intrafornation- 
al  congloaerate.  Bedding  30:6o  HW. 

100    Siliceous  dolomite:  light  cream- 
gray,  tan  to  orange-lmff  weathered; 
y^ry  finely  crystalline;  massive 
fraottires;  p&rting  parallel  to 
planar  hedding;  rery  well- laminated; 
some  cross-bedding;  well  developed 
Joints  at  right  angles  to  heclding. 
Bedding  35;70  HW. 


fotal  Thickness   2115 


SSCTIOH  3 


Unit     Measured        True  percent 

Distance     Thickness     Szposure 


Description 


19    915-1000 


80 


18   8«»0-915 


70 


100     Siliceous  dolomite:  light  gray, 
tan  weathered;  planar,  closely 
spaced  laminations;  very  finely 
crystalline;  massive  on  fractxired 
surface;  a  few  chert  nodules. 
Bedding  120; 75  KB* 

100     Dolomite:  gray,  buff  weathered; 
fine  to  medium  crystalline;  2' 
intraformational  conglomerate  at 
base;  upper  part  exhibits  undula- 
tory  stromatolites. 
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SECTION  3,    continued 


t7nlt     Measxired        Irua  percent 

Distance     Shioknets     Szpoaure 


Description 


i7    SlO-atK) 


30 


16   510-810    295 


4«K)-510 


15   390-W) 


70 


50 


Ik       305-360 


55 


195-305    105 


0  -195    190 


100    Alfial  unit:  dark  car1)on&ceou8  dolo- 
mite; coliianar  stromatolites,  5-7" 
in  diameter,  weathered  in  relief 
alons  alternate  laminations  of  srcy 
and  btiff  dolomite;  fraemeutal 
■aterial  between  the  closely  packed 
haads. 

20    Dolomite:  eray,  light  gny  weathered; 
■adium  to  finely  crystalline;  abtua- 
daat  plates  of  milky  quartz  parallel 
to  bedding  and  along  fractiires; 
ludulatory  stromatolites  in  the 
upper  90'.  Bedding  115  J  85  »• 

80    Dolomite:  gray,  gray  to  buff  weath- 
ered; massive;  a  few  oToid  chert 
nodules  and  miU^  quartz  pods;  many 
qtiarts  Teinlets  along  frsustures. 

So    Algal  unit:  dark  carbonaceous  dolo- 
mite; 5'  basal  intraformational 
conglomerate;  columnar  stromatolites 
above  this;  the  largest  heads,  8-10" 
in  diameter,  ere  at  the  top;  well- 
laminated  dolomite  separates  success- 
ive  colonies.  Bedding  110;?. 

80    Siliceous  dolomite:  daric  gray,  gray 
to  buff  weathered;  finely  crystall- 
ine; a  few  chert  nodules  and  quarts 
pods;  many  quarts  reinlets  along 
fractures. 

100    Siliceous  dolomite:  dark  gray;  cream 
to  dark  gray  weathered;  slightly 
carbonaceous;  undulatory  and  digitate 
stromatolites  compose  about  20  per- 
cent of  the  unit;  pisolitic  from 
270-285.  Bedding  115;80  KB. 

100     Siliceotis  dolomite:  light  gray,  cream- 
buff  to  dark  gray  weathered;  massive, 
finely  crystalline;  a  few  milky  qtiartz 
lenses  parallel  to  bedding,  where  pre- 
sent; intraformational  conglomerates 
at  85-90  and  120-135. 


f otal  Thickness    945 
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SSCTZON  4 


unit     Nuisured        Tru«  Percent 

Di  stance     ThickneBt    Sj^osure 


Description 


X7   2255-2295    35 


X6   20^-2255    205 


15      1965-2040  70 


Ik       192^5-1965  20 

I856-1945         75 


I830-I865         35 

1775-1830    50 
1720-1775    55 


75     Aljisl  unitt  Cray,  li^ht  eray  weath- 
ered oarbooaceoua  dolomite;  fineljr 
oryetalline;  concentrically  laaina- 
ted  pisolites  0.2-1  en  in  diaaeter, 
and  uRny  digitate  stronatolites  in 
lover  part;  some  6-19"  eoltuonar 
stromatolites  at  top. 

f$  Dolomite:  eray,  light  gray  weath- 

ered, finely  orystallins;  sassiTe; 
a  few  chert  nodtiles  and  thin  qxiarts- 
earbonate  reins ;  quartz  lenses  abun- 
dant near  top.  Bedding  105; 55  »• 

85     Algal  unit:  concentric  pisolites, 

0.2-2  ea  in  diameter  in  a  gray,  huff 
weathered,  fine-grained  matrix; 
8-10"  columnar  stromatolites  in 
upper  15*  of  unit;  a  few  digitate 
stromatolites  in  the  lower  part. 

99  Siliceous  dolomite:  gray,  eream- 

25     buff  weathered,  rery  fine-grained; 
massire;  uadulatory  stromatolites 
near  base;  several  zones  of  piso- 
lites and  digitate  stronatolites. 
Q;uarts  and  oairbonate  Teins  abundant. 
Scattered  quarts  lenses  in  central 
part  and  chert  nodules  near  top. 

*f     Dolomite:  gray,  buff  weathered; 
finely  crystalline;  undxxlatory 
stronatolites;  pisolites  in  some 
exposures.  Bedding  100;70  N. 

Covered. 

fS  Dolomite:  dark  gray,  dark  weathered; 

undulatory  laminations  near  top; 
quarts  reins  in  massive  lower  part; 
pisolites  and  1"  digitate  stromato- 
lites at  17^;  some  intraformation- 
al  conglomerates. 


1675-1720    kO 


Covered. 
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SECTION  4,   continued 


Unit     Measured         True  Percent 

Distance     Shickness    Sxpoevire 


Description 


1^      i590-l67«;         7o 
1535-1590         50 


10 


1325-1535 
1215-1325 


13      1205-1215 


900-925 


8        750-900 


185 
95 


10 


12       1095-1205  90 

1075-1090  15 


11   1060-1075     15 


1035-1060 

20 

95 

975-1035 

55 

925-975 

^ 

fl$ 

25 
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85         SoloBits:  s,VB,y,  doTe-erciy  «.o  bxifz 
100  veathare&i  E)&E8iy<>  &t  bautt,   soue 

Tandul&toTjr  BtrciQBtolit6«  at  tup; 
asLny  frctgoent&l  ^ones,  and  Hom« 
pisolites  at  1555!  &  i'sw  cbalce- 
deny  pods  and  qu&rti  lenses. 

CoTered. 

79    Dolomite:  gray,  dove-gray  to  dull 
buff  weathered,  finely  cryfetalliue, 
naseive;  qtarts  f^tringers  and  poue 
accentuate  the  poor  bedding.  Bedd- 
ing 100;70  H.  Pisolites  in  upper 
10'  of  eicpoaure,  1-3  cjb  in  diameter, 
concentrically  banded. 

f9  Algal  Tinit:  dark  carbonaceous  dolo- 

nite;  coluomar  strcoatolites,  2-6" 
in  diaaeter. 

25    DoloiBite:  ore&iii-gray ,  tain  weathered; 
B$  aediuffl  to  finely  eryttalline;  oass- 

iv«;  a  few  quarts  lenses. 

I9    Algal  onit:  ccluauoar  stroiuatolites 

6-8'*  in  diaiaeter,  overlain  by  iutra- 
fori&ational  cougloi&arate.  Doloaite 
is  tan  to  flesh-colored,  buff 
weathered. 

Poloolte;  gray,  b-aff  weathered, 
nasslTe;  a  few  chert  nodulee  and 
quartz-car^jonaiid  stringers. 
Bedding  85:65  N. 

65    Al4^1  unit;  cream  gray,  siliceous 

doloaite,  li^ht  brovn  weathered, 
oBssivd,  coltuonar  stroiuatolites  2-4* 
wide  in  lower  15'.  Subspherical 
pisolites  in  upper  part. 

75     Siliceous  dolomite:  dark  gray,  buff 
to  dark  weathered;  massive;  finely 
crystalline.  A  few  quarts  grains  in 
some  exposures.  Some  chalcedony  pods. 
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SECTION  'f-.   continued 


Unit     Measured        True  Percent 

Distance     ThloknesB    Szpoaure 


Description 


8        640-750 


95 


525-640 


100 


485-525 


350-485 


30 


120 


4       335-350 


15 


3        280-335  50 

205-280  70 


2    100-180 


70 


Il9    siliceous  dolomite:  gray,  dore-gray 
weathered,  finely  crystalline;  a 
few  Irregular  pods  of  chalcedony, 
and  Telnlets  of  quartz;  poor  bedd- 
ing. Bedding  105;  65  IIB. 

80    Siliceous  dolomite:  gray  brown,  buff 
brown  weathered;  finely  crystalline, 
massive;  many  pink  and  white  quarts- 
carbonate  Telnlets  and  coarsely  crys- 
talline patches  of  quarts. 

I|0    Dolomite:  gray,  gray-buff  weathered; 
oedlua  to  finely  crystalline*  A 
few  OYoid  black  chert  nodules,  flatt- 
ened }}arallel  to  bedding. 

JlO    Siliceous  dolomite:  gray,  light  buff 
to  gz^y  weathered;  dark  brown  beneath 
moss;  masslTe,  finely  crystalline; 
several  flat  pebble  conglomerates;  a 
few  chert  nodules  and  nuaerous  small 
carbonate  stringers.  Increasingly 
carbonaceous  towards  top,  where  undu- 
latory  stromatolites  are  prominent, 
fizposures  Interrupted  by  swamps. 
Bedding  100;60B. 

'Kl  Siliceous  dolomite  and  chert:  dark 
gray  to  black  chert  fragments  In  a 
light  gray  siliceous  matrix. 

Covered. 

29  Dolomite:  gray,  b\iff  weathered,  car- 
bonaceous; finely  crystalline;  lower- 
most 20*  massive  with  a  few  quartz- 
filled  fractiures  (35;6o  BW),  undula- 
tory  stromatolites  and  pisolites  in 
vpper  part.  Bedding  95? 55  H. 

30  Siliceous  dolomite:  oreai^buff; 
orange-buff  weathered;  very  finely 
crystalline;  very  well-laminated; 
planar  beds  less  than  5  imn  thick  are 
clearly  visible  on  ribbed  weathered 
surfaces,  but  not  visible  on  smooths 
fracturing  fresh  surfaces;  small- 
scale  cross-bedding.  Bedding  95*^0  V. 
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SKOVIOB   S  oontlBusd 


Slitanee    fhlokaest    Xxpoavr* 


Bator iptioa 


0  -3.00 


90 


OeT«r«d. 


Total  fhleknet*      2055 


SSOSIOB  5 


Italt    lie&«tar«d        7ru«  peresnt 

2)i«tane«    SMokneiB    Sjqposxirc 


Soseription 


18     2885-29^5         50 


17   2875-2885    10 


l6  2835-2875  ^ 
27'i«)-2835  90 
2715-27^    30 


15   2715-2735    15 


14      2650-2715         50 


100 


91 


10 

Jift 


lo 


SoloBlta:  craj,  grmj  v«ath0r«d{ 
imdxil&torjr  •treuitollteat  flnalj 
to  modituD  eryotalliao;  raooth 
fraotnroc. 

Al4Bal  tait:  earbozutceoui  doloaitat 
eoluuuir  ■troBRtolites,  6-10"  la 
dlMwtori  altorsato  Imff  aad  gnj 
iMdaatloat. 

Boleaito:  gnj,  Iniff-cray  vaathorod; 
mdltui  to  flaoljr  orystalliae;  aany 
ehort  nodolea  and  oarlkoaato  Toiao; 
leases  of  q[aarts  near  the  top. 

AlcB^l  xmit:  dark  oarbonaoeous  dolo- 
aite;  oeliunar  ■trooatolitee  8-12* 
la  dlaaeter;  alternate  Vaff  and 
lifiht  grajr  laainatlons. 

Sllioeoua  dolomite:   light  gnj, 
fra/  weathered;  maeelTe;  eoattered 
chert  aodxilee  and  a  few  Irrecolar 
pode  of  aillcy  quarts;   qxoirtz 
•tr Insert. 


2580-2650  55 


OoTered. 


1^ 


SSCTXOS  5,  eontlnued 


Unit  Moasttred    Trxia     percent 
Distance  Ihickneat  Sxpoeure 


Description 


14      2395-2580        175 
2335-2395         6o 


2035-2335  290 

1885-2035  1^5 

13   1875-1885  10 

12   1660-1875  215 


11   l6«;o-l66o    10 


10  1^0-1650   245 


9   1385-1^00    15 


1375-1385    10 


10    Dolomite:  grajr,  \mff-gray  weathered; 

IIO    finel7  to  meditUD  crystalline;  undu- 
latory  stromatolites;  algal  piso- 
lites at  2250-2255  and  2415-2430. 
Pisolites  are  sub-spherical,  concen- 
trically laminated,  0.2-3  cb  in 
diameter.  Bedding  90:70  H. 

Corered. 

Dolomite:  same  as  unit  12. 

80    Aleal  unit:  buff  to  er&y>  carbon- 
aceous dolomite;  columnar  stromato- 
lites, 4-6"  in  diameter;  poorly 
laminated. 

$6         Dolomite:  dark  gray,  gray  to  tan 
weathered;  medium  crystalline; 
massiTe;  scattered  quartz  stringers 
and  lenses  parallel  to  bedding. 
Bedding  85:75  H. 

100    Algal  unit:  carbonaceous  dolomite; 
col\imnar  stromatolites  8-10"  in 
diameter;  alternate  gray  and  buff 
laminations,  differentially 
weathered. 

109    Dolomite:  light  gray  to  boff-gray, 
cream-buff  weathered;  massive; 
rough  weathered  surface;  many  gray 
to  white  chert  nodules;  scattered 
irregular  milky  quartz  pods  and 
carbonate  Teinlets  parallel  to  bedd- 
ing and  along  fractxires  at  40;  70  HW 
and  155;60  HS. 

100     Algal  unit:  gray  to  buff  carbonaceous 
dolomite;  columnar  stromatolites 
4-8"  in  diameter,  ribbed  weathered 
surface  outlines  the  laminations. 

100    Flat  pebble  conglomerate:  dark  gray, 
dark  weathered  fragments  in  an  arena- 
ceous dolomite  matrix. 


m 


SBCTIOH  5,   eontlnned 


Unit     Measured        Tnia  Percent 

Siitance     Thickness    Szpoeure 


Dsscription 


8   1230-1375    1^5 


1205-1230    25 


1095-1205    110 


1030-1095    60 


i      1010-1030     20 


970-1010     ^ 


905-970      60 


80    Dolomite:  gray  to  light  gray,  hviff 
weathered;  fine  to  aedlum  cry stall- 
ins  ;  oaasiTe;  scattered  qxiartz 
grains;  aany  irregular  lenses  of 
white  quarts.  Bedding  80;T. 

80    Siliceous  dolomite  hreocia:  light 
gray,  aediua  grained  to  finely 
crystalline  fragments  cemented  hy 
Bdlky  quartz;  mas sire;  rough  weath- 
ered surface;  numerous  irregular 
quartz  pods  and  Teinlets.  Most  pro- 
Binent  fz'actures  at  150  iV» 

90    Dolomite;  light  gray,  dove  gray 

weathered;  medium  crystalline;  scatt- 
ered quartz  sand  grains;  rough  weath- 
ered surface;  obscure  hedding;  a 
few  irregular  pods  of  qxiartz;  two 
prominent  sets  of  intersecting  car- 
bonate veinlets.  Bedding  85  ;T. 

90    Dolomitee  daii:  gray,  gray  weathered; 
medium  to  finely  crystalline;  well- 
laminated;  a  few  irregular  masses 
of  milky  quartz.  Bedding  85;?. 

90    Dolomite:  dark  gray,  bvlf  weathered; 
medium  to  finely  crystalline;  black 
chert;  oToid  nodules  elongate 
parallel  to  bedding. 

30    Dolomite:  gray  to  dark  gray;  buff  to 
gray  weathered;  medium  to  finely 
crystalline;  unduilatery  stromatolites. 
Bedding  50  ;T. 

30    Dolomite:  gray  to  dark  gray;  tan  to 
gray  weathered;  medium  to  finely 
crystalline;  massive;  scattered  gray 
to  white  chert  nodules,  ovoid  in  sec- 
tion, elongate  parallel  to  bedding; 
anserous  quartz-carbonate  veinlets 
less  than  2  cm  thick  follow  fracture 
sets  at  5;60  W  and  120;75  HE. 
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SSCTIOH  5.   oontinuod 


Unit     Measured        True  percent 

Distance     ThieknesB    Exposure 


Description 


4        890-905 


15 


3        715-890  175 


635-715 
565-635 
465-565 


240-465 
65-240 


235 

215 
163 


0-65 


60 


«0    Silioeoixs  dolomite,  and  chert:  dull 
black,  rusty  to  dark  weathered; 
much  fractured  and  breoclated. 
Grades  upward  to  green-gray,  rusty 
gray  weathered  siliceous  dolomite 
which  exhibits  faint  bedding. 

to  Siliceous  dolomite:  dark  gray,  buff 

to  gray  weathered;  finely  crystall- 
ine; beddii3g  obscure;  some  undulatory 
stromatolites.  Bedding  55;60  SW. 

yt  Dolomite:  gray,  cream-buff  weath- 

S©    ered;  finely  crystalline;  well- 
yj$  laminated  planar  beds  increasingly 

thimier  end  more  regularly  spaced 
towards  the  top.  Local  small-scale 
cross-bedding.  Sedding  65; 86  BW. 

G    Marlon  I^e. 

liQ    Siliceous  dolomite:  light  gray,  tan- 
buff  weathered;  yery  finely  crys- 
talline; Tery  well-laminated,  with 
ribbed  weathered  surface  controlled 
by  bedding;  beds  paper-thin  to  1  mm 
thick,  planar  and  reaarkably  persist- 
ent; local  small-scale  cross-bedding. 
Bedding  60;y. 

|§0    Siliceous  dolonite;  creao-gray, 

orange  to  tan  weathered,  very  finely 
orystalline;  planar- bedded;  fair  to 
well-laminated;  grid  pattern  of 
•urface  grooTes  dereloped  by  frac- 
ture-controlled weathering.  Bedding 
70;8C  SB.  Fracture  sets  at  10;45 
W  and  100; 85  SW. 


Total  Thickness   2860 
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